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FOREWORD 


This report summarizes the working papers from 
the OAST Space Systems Studies Review Meeting held at 
NASA Headquarters , 11-12 January 1978. This material 

is intended for further use by the participants of the 
meeting and in structuring the FY 1979 Space Studies 
Program. The material in this document is presented in 
an unedited format to enable distribution in a timely 
matter. It should be understood that the data contained 
in this report do not represent official plans or posi- 
tions but are part of the process of evolving such plans 
and positions. 


Stanley R. Sadin 

Study, Analysis, and Planning Office (Code RX) 
Office of Aeronautics and Space Technology 
NASA Headquarters 
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SECTION 1 

INTRODUCTION AND SUMMARY 



The objectives of this OAST Space Systems Studies 
Review Meeting were; 

. Brief the participants on the space systems 
study (RX) program 

. Inform program offices, study investigators, 

and OAST discipline divisions on the status 
of the OAST space systems studies 

. Initiate planning for the studies for FY 79 

. Review with the participants the OAST space 

technology model and the space technology 
forecasts handbook 

This meeting brought together the principal investi- 
gators of the OAST space systems studies and provided a 
forum by which OAST, the Headquarters' program offices, 
and the Centers became mutually aware of the progress of 
the space systems studies. This review meeting also 
provided an opportunity to participate in the development 
of the FY 79 studies program. Prior to the meeting, a 
detailed study desciiption package was distributed (Appendi 
A) . 


The meeting consisted primarily of the principal 
investigators presenting the objectives and status of 
the studies to the OAST division directors, representatives 
from other offices, and the other principal investigators 
and Center program managers. Time was allocated for each 
active study (including those just completed and those 
just starting) , Approximately a third of this time was 



reserved for questions and answers and pertinent discus- 
sion. These discussions were valuable for helpinq to suggest 
possible future studies and program emphasis. 

The meeting consisted of several sessions. Table 1 
gives the agenda of the meeting. Table 2 lists the in- 
dividuals who attended one or more of the sessions. At 
the end of Secs. 2-8 of this document, each of which 
corresponds to a separate session, there is a condensa- 
tion of some of the discussions which occurred during that 
session. 



TABLE 1 


SPACE SYSTEMS STUDIES REVIEW MEETING 
11 and 12 January 1978 
NASA Headquarters (FOB lOB ) , Room 625 

FIRST DAY 

8:30 am OVERVIEW OF OAST SPACE S. Sadip (HQ) 

STUDIES PROGRAM 


8:45 am SESSION 'U* - SPACE UTILIZATION 

Space Utilization Studies S. Sadin (HQ) 

Lunar Resources Utilization Studies E. Crxim (JSC) 


Extraterrestrial Processing and 
Manufacturing of Large Space Systems 


G. von Tiesenhausen 
(MSFC) 


10:30 am SESSION 'T' “ SPACE TRANSPORTATION 

Advanced Space Transportation B. 2. Henry (LaRC) 

Technology Studies 

Space Transportation Studies J. Pelouch, Jr. (LeRC) 

1:30 pm SESSION ’M' - MULTIPROGRAM TECHNOLOGY 

Advanced Automation Needs Analysis E. Heer (JPL) 

Technology Enablement-Multiple W. Bachman (JPL) 

Requirements for Pointing and 

Control 

Payload Software Technology P. Rose (M&S Computing) 

Payload Data Systems Technology L. Krchnak (JSC) 

Requirements 



TABLE I (Cont.) 


Ij 30 pm SESSION *M* - MULTIPROGRAM TECHNOLOGY (Cont.) 

Supmrconducting Sensors in Space J. Murphy (ARC) 

Technology Enablement-Space Power Stearns (JPL) 

Systems 


SECOND DAY 

8:45 am SESSION *A* - APPLICATIONS 

SEAS AT Follow-On Technology 
Readiness Study 

Technology Readiness for a 
Global Services Mission 

Public Service Platform 

Penetrator Concepts 

Post-LANDSAT D Advanced Concept 
Evaluation 

Enabling Technology for Global 
Services Missions 

Public Information Management 
Services System 

Global Services 

Global Services 

Geostationary Platform 


J. West (JPL) 

W. R. Hook (LaRC) 

T. Durham (GSFC) 

J . Murphy (ARC ) 

F. Flatow (GSFC) 

W. R. Hook (LaRC) 

R. Nagler (JPL) 

T. Durh^un (GSFC) 

D. Aviv (Aerospace) 

S. Sadin (HQ) 



TABLE 1 (Cont.) 


1:30 r'ln SESSION *S' > SCIENCE AND EXPLORATION 

Spacttborne Antenna and Microwave R. Edelson (JPL) 

Systems Technology Study 

Extrasolar Planetary Detection J. Murphy (ARC) 

VOIR Technology Readiness Study J. West (JPL) 

Mars Sample Return Technology J. West (JPL) 

Readiness Study 

Technology Needs for Sample J. West (JPL) 

Return Missions 

Surface Exploration, Prospecting, P. Meeks (JPL) 

and Assaying 


4:00 pm SESSION 'X* - ANALYSIS 

OAST Space Systems Technology Model T. Zakrzewski (GRC) 

and OAST Technology Forecast 

Handbook 


•1 
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SECTION 2 

OVERVIEW OF SPACE STUDIES PROGRAM 



FY 79 STUDY ISSUES 


• DISTRIBUTION OF STUDY FUNDS BY THEME, BY DISCIPLINE 

• DISTRIBUTION OF STUDY FUNDS BETWEEN NEAR TERM (READINESS) 

AND FAR TERM (ENABLEMENT) 

• STUDIES RELATING TO NEW STARTS AND AUGMENTATIONS VS. R«T "STUDIES" 

• STUDY METHODOLOGY - TREND TOWARDS MAJOR TIIEME/MULT I -CENTER/MULTI-YEAR 
(E.G., SSTO, GLOBAL SERVICES) 

• JOINT FUNDING OF STUDIES 

• 5- YEAR PLANNING INSIGHTS 

• AGENCY 

• OAST 

• STUDY PROGRAM PURPOSE - A RESTATEMENT 


• OAST DISCIPLINES/ INTEREST SPAN 




ArPLICATIOHS 

Advanced Global Services Concepts 
Advanced Ponelrator Concepts 
Seasat U Readiness 
Public Services Plallorm Iteadiiiess 
Polluliun Moniloriiig Mission Readiness 
PusI landsat Coiicepis 

UTiUZATiOil 

Honlorresirial Materials ^JliUzalion 
Space Ulilizalion tiraiiis 

MUlliPliOGRAM R&T 

Advanced Auloniation Needs 
Poinlinii and Control Systems 
Sullvdarc Forecasting 

TRANSPORTATION 

Integrated Space Transportation Systems 
Low Ttirust Propulsion 

EXPLORATION 

Advanced Planetary Mission Concepts 
Advanced Space Astrophysics Concepts 
VOIR Readiness 

Mars Sample Reiiirn Readiness 


Figure 1 - Space Systems Stuilies Program 



OAST SPACE SYSTEM STUDIES - FY70 NET R&D FUNDING 



SOtNCE a SPACE APPUCAHONS SPACE MULTIPROGRAM 


EXPIORATION TRANSPORrATION UTILIZATION RaO 














MAJOR THEME/MULT I -CENTER/MliLT I -YEAR STUP 'ES 


• GLOBAL SERVICES CONCEPTS 

- LaRC - LEAD 

- JPL 

- Gsrc 

- AEROSPACE 


EXIIIING 

• INTEGRATED TRANSPORTATION 
TECHNOLOGY 

- LaRC - LEAD 

- LeRC 


# NONTERRESIRIAL MATERIALS 
UTILIZATION 

- ARC 

- MSEC 

- JSC 


QQSilBjmiES 


• PLANETARY EXPLORATION - 
INIENSIVE PHASE 

- JPL 

- ARC 

- JSC 


• INTEGRATED ASTROPHYSICS 
PLATFORM 

- ARC 

- GSFC 

- MSEC 

- JPL 



2500 


FY75-82 RESOURCES FOR OAST SPACE SYSTEM STUDIES 

NET R&D FUNDS 


2000 


ESTIMATED RESOURCES 
SHOWN FOR FY79 82 


1500 


TOTAL 






ASSESSMENT OF ENABLING 
TECHNOLOGY FOR FUTURE 


X MISSIONS 


ADVANCED MISSION CONCEPTS 


SYSTEMS PLANNING AND ANALYSIS 


1975 1976 


1977 


1970 1979 1900 1981 1902 


Fiscol Year 


NI W INI1IATIVLS/AUGMLHIAH0NS - PROGRAM OEVELOPlirNT 

(ONUlK.f SIDDIES 10 DEVELOP rECIINlCAL PLANS. SCHEDULES. R COSIS EOR fEEIINOLOGY 

% 

INIIIAIlVir. R A1IGMLN[AT10NS. 
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^ \m 1 
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PROGRAM DEE INI r ION 
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I 
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1979 


ADVAMCED SPACE POWER. MSEC 

SIIDIIIE/SPACEEAR PAYLOAD DEFINITION 
SIIIIIILE El IGIII COfllROE. LaRC 
MICROWAVE RADIOMI lER. LaRC 
NEEDS COMPONENI lESI. JPL 
IIIA1 IRANSIER. IrRC 
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— V 
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700/200 
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OVERVIEW OF OAST SPACE STUDIES PROGRAM S. Sadin (HQ) 

DISCUSSION: Should joint funding with other program 

offices and disciplines be sought to increase scope 
of studues program? 



SECTION 3 
SESSION 'U' 

REVIEW OF SPACE UTILIZATION STUDY PROGRAM 



sg? ss (m 



Lyndon B. Johnson Space Center 


Engineering and Development Directorate 


LUNAR RESOURCES UTILIZATION STUDIES 


FUTURE PROGRAMS OFFICE 
E. M. CRUM 1/12/78 


LUNAR RESOURCE UTILIZATION FOR 
SPACE CONSTRUCTION STUDY 


OAST SPACE SYSTEMS STUDIES 
REVIEW MEETING 
HEADQUARTERS 
JANUARY 11 -.12, 1978 


CO. 

•v} 






Engineering and Development Directorate 


t-iA 


Lyndon B. Johnson Space Center 


FUTURE PROGRAMS OFFICE 


LUNAR RESOURCES FOR SPACE CONSTRUCTION STUDY 


OBJECTIVES: 


E. M. CRUM 


10/14/77 


0 ESTABLISH METHODOLOGY AND CRITERIA FOR COMPARING THE USE OF 
LUNAR VS. EARTH MATERIALS FOR SPACE CONSTRUCTION 

0 DEVELOP AND DEFINE CONCEPTS, FOR UTILIZING LUNAR RESOURCES 

0 ESTABLISH THE PROGRAM REQUIREMENTS NECESSARY FOR LUNAR RESOURCE 
UTILIZATION TO BE COST EFFECTIVE 

0 PREPARE RECOMMENDATIONS AND PLANS FOR FURTHER WORK REQUIRED TO 
ALLOW A CHOICE TO BE MADE BETWEEN ALTERNATIVE SYSTEMS 


CO 







Lyndon B. Johnson Space Center 


Engineering and Deveiopmeni Directorate 


LUNAR RESOURCES FOR SPACE CONSTRUCTION 


FUTURE PROGRAMS 0 

FFICE 

E. M. CRUM 

10/14/77 


TASK OUTLINE; 

o DEVELOP COMPARSION METHODOLOGY AND CRITERIA 

I 

0 DEVELOP MATERIALS REQUIREMENTS RANGE AND SCENARIOS 

I 

0 DEVELOP AND DEFINE LUNAR UTILIZATION SYSTEMS CONCEPTS 

- SPACE MANUFACTURING SITES 

- LUNAR. SURFACE MANUFACTURING SITES 

0 DETERMINE PROGRAM REQUIREMENTS NECESSARY FOR COST EFFECTIVE 
LUNAR RESOURCE UTILIZATION 

0 PERFORM SENSITIVITY AND UNCERTAINTY ANALYSIS 

0 DOCUMENT RECOMMENDATIONS AND PLANS FOR FURTHER WORK REQUIRED 


CO 
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Lyndon B. Johnson Space Center 
LUNAR RESOURCES FOR SPACE CONSTRUCTION STUDY 

KEY TECHNICAL AREAS 

MASS DRIVER - LINEAR MOTOR 

ROTARY PELLET LAUNCHER 

I 

MASS CATCHER - HEPPENHEIMER CONCEPT 

LIGHT GAS GUN 

CALCIUM/OXYGEN ROCKET 

LUNAR BASE, MINING FACILITY (AND 
MANUFACTURING FACILITY) 

SPACE BASE AND M/ ’UFACTURING FACILITY 

LUNAR MATERIAL PROCESSING 


V » 


FUTURE PROGRAMS OFFICE 


E. M. CRUM 1 10/14/7? 

SOURCE 

LITERATURE 

LITERATURE 

0 

LITERATURE 
LITERATURE & JSC 
JSC CONCEPT 
JSC (MSFC) 

MSFC 


JSC & INDUSTRY 







il \iJXr \Lsisyff Lyndon B. Johnson space Center Engineering and Development Oireclorete 



FUTURE PROGRAMS OFFICE 

LUNAR RESOURCES UTILIZATION STUDIES 

t 

E. M. CRUM 

10/14/77 

STUDY TEAM MEMBERS 


MR. 

EARLE CRUM 

t 

STUDY MANAGEMENT 

MR. 

GEORG VON TIESENHAUSEN 

STUDY MANAGEMENT 

DR. 

RICHARD WILLIAMS 

STUDY MANAGEMENT 

DR. 

DAVID McKAY 

LUNAR SOIL PROPERTIES 

DR. 

ROBERT RIED 

STRUCTURES 

MR. 

GLENN ECORD 

CHEMICAL PROCESSES 

MR. 

JERRY PORADEK 

SYSTEMS EVALUATION 

• MR. 

MAX KRCHNAK 

PROGRAM PLANNING 

MR. 

CLARKE COVINGTON 

1 

SPS DEFINITION 

MS. 

DEBBIE WEBB 

COST ESTIMATION 

MR. 

PHILLIP WILLIAMS 

FLIGHT OPERATIONS 

CONTRACTOR STUDY MANAGERS 

STUDY MANAGEMENT 
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SCHEDULE OF KEY EVENTS 

i . • 

I 

8/26/77 HQ RTOP APPROVAL RECEIVED AT CENTER 

I 

9/20-21/77 LUNAR RESOURCES UTILIZATION STUDIES MEETING HELD 

AT CENTER (JSC, HQ, AND MSFC) 

10/3/77 NASA COUNCIL PRESENTATION BY STAN SADIN 

10/14/77 DRAFT SOW ANO/PR SUBMITTAL 

11/11/77 RFP ISSUED , 

12/23/77 PROPOSALS RECEIVED (SECURE STORAGE UNTIL 1/3/78) 

3/1/78 CONTRACT AWARD 

3/1/79 CONTRACT COMPLETE 


(J- 







PREPARED BY R. J. WILLIAMS 




Lyndon B. Johnson Space Center 


EXTRATERRESTRIAL MATERIALS - MINING AND PROCESSING 


FUTURE PROGRAMS OFFICE 


E. M. CRUM 


1/12/78 


ISSUES 

0 IN WHAT WAYS CAN LUNAR MATERIALS BE PROCESSED INTO INDUSTRIALLY SIGNIFICANT 
FEEDSTOCKS BY IN-SPACE FACILITIES? 

0 WHAT ARE THE MAJOR TECHNICAL PROBLEMS OF SCALE AND IMPLEMENTATION 
FOR THE IDENTIFIED PROCESSES? 

GOALS 

0 DOCUMENT PROCESSING SCHEMES AND THE RATIONALES FOR THEIR SELECTION 

0 DEFINE SCALE OF PROCESS ELEMENTS, REAL TECHNICAL PROBLEMS, 

AND RELEVANT EXPERIMENTS 

o EVALUATE THE RATIONALE FOR SELECTION OF THE MAJOR PRODUCTS 
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Lyndon B. Johnson Space Center 


EXTRATERRESTRIAL MATERIALS |- MINING AND PROCESSING 


' PREPARED BY R. J. WILLIAMS 


FUTURE PROGRAMS OFFICE 


E. M. CRUM 


1/12/78 


STATUS 

o USRA/LSI CONTRACT 
0 790-40-42 
0 FY 78: 85K, 2.0 MY 
0 6/1/77 - 9/30/78 

RESULTS 

o PARTICIPATED IN AMES SUMMER STUDY AND LA JOLLA WORKSHOP 
(PLANETARY RESOURCE EXPLORATION) 

0 CHLOROCARBONATION PROCESS DEFINED IN DETAIL 

- SCALES FOR REACTANT RECYCLING AND HEAT REJECTION ARE VERY LARGE 

- FURTHER.'QUANTIFICATION REQUIRES EXPERIMENTS ON REACTION; KINETICS 

- REPORT DUE 2/78 

o CONSULTING EFFORTS ON SCALE OF LUNAR MINING AND ON ELECTROSTATIC AND 
MAGNETIC BENEFICIATION TECHNIQUES INITIATED (1/78). 

0 INVESTIGATIONS OF OTHER REFINII G TECHNIQUES BEGUN 

0 SPECIAL SESSION PLANNED AT LUNAR SCIENCE CONFERENCE (3/17/78) 






f\IA\SA 


Lyndon B. Johnson Space Center 


OXYGEN EXTRACTION RESEARCH 


PREPARED BYR, J. WILLIAMS 


FUTURE PROGRAMS OFFICE 


E. M. CRUM 


1/12/78 


ISSUE 


0 SOME CERAMICS ARE ELECTROLYTES FOR OXYGEN AT ELEVATED TEMPERATURES 
UNDER WHAT CONDITIONS CAN THESE BE USED TO EXTRACT OXYGEN FROM 
REFINING GASES OR SILICATES AND OXIDES BY ELECTROLYSIS. 


GOALS 

0 THERMOCHEMICAL MODELS 
0 LABORATORY TEST SYSTEMS 

0 EVALUATION OF ADVANCED MATERIALS AND SYSTEMS 

s 
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Lyndon B. Johnson Space Center 


PREPARED BY R. J. WILLIAMS 


OXYGEN EXTRACTION RESEARCH 


FUTURE PROGRAMS OFFICE 


E, M. CRUM 


1/12/78 


STATUS 


o IN-HOUSE/JSC 
0 506-16-27 

0 FY78: 55K, 1.0 M^/(SC), 0.4, MY, (CO 
0 BEGAN: 12/1/77 


RESULTS 

0 MODEL FOR THE EVOLUTION OF C-0 GASES .IN E(5UILIBRIUM WITH GRAPHITE 
AS A FUNCTION OF/ TEMPERATURE AND PRESSURE DEVELOPED 

0 TEST SYSTEM DESIGNS CONCEPTUALIZED 


a 






(\IAS/\ 


Lyndon B. Johnson Space Center 


LUNAR MATERIALS HANDBOOK 


PREPARED BY R. J. WILLIAMS 
FUTURE PROGRAMS OFFICE 


E. M. CRUM 


1/12/78 


ISSUES 


o WHAT LUNAR RESOURCES ARE THERE? 

0 WHAT ARE THE PHYSICAL AND CHEMICAL PROPERTIES OF THESE RESOURCES? 


GOALS 


o EVALUATION OF RESOURCE MODELS 


0 ENGINEERING HANDBOOK 


^ SZJ E23 ES Esa am css 


ns? 


Uijirn ^ 

(W^ Lyndon B. Johnson Space Center 


LUNAR MATERIALS HANDBOOK 
STATUS 

o IN-HOUSE/JSC 
o 790-40-17 

o FY78: lOK, 0.3 MY (SC), 0. 1/ MY (CO 
0 12/1/77 - 2/28/78 

RESULTS 

0 REALISTIC RESOURCES 

- ANORTHITE 

- MARE SOILS 

- ILMENITE 

o HANDBOOK: DRAFT 
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PREPARED BY R. J. WILLIAMS 

FUTURE PROGRAMS OFFICE 


E. M. CRUM 


1/12/78 
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OAST SPACE SYSTEMS STUDY REVIEW 
JANUARY 11, 1978 

EXTRATERRESTRIAL PROCESSING AND MANUFACTURING 

OF 

LARGE SPACE SYSTEMS 


n 






jtCAMI/«llO 

PROGRAM 

DEVtLOPMENT 


EXTRATERRESTRIAL PROCESSING 
^ NO AAANUFACTUR ING OF LARGE 
SPACE SYSTEMS 



JANUARY 1978 


INTRODUCTION 


PAST AND PRESENT STUDIES IDENTIFIED POTENTIAL FUTURE LARGE 
SPACE SYSTEMS LIKE: 


LARGE FUTURE COMMUNICATION 
SYSTEMS, HABITATS. MANUFACTURING 
FACILITIES, SATELLITE POWER SYSTEMS. 

AND PROPELLANT FACILITIES. 

A NUMBER OF NASA SPONSORED SUMMER STUDIES INDICATED 
POTENTIAL ECONOMIC AND ENVIRONMENTAL ADVANTAGES FOR 
EXTRATERRESTRIAL MATERIAL UTILIZATION. 

NASA NEEDS TO INVESTIGATE THESE FINDINGS FURTHER FOR 
INFORMED FUTURE PROGRAM OPTION PUNNING. 

THE STUDY DESCRIBED HEREAFTER CONCENTRATES ON ONE KEY 
ELEMENT WITHIN A COMPLEX OVERALL SCENARIO. 



MARSHALL SPACE FLIGHT CENTER 

EXTRATERRESTRIAL PROCESSING 
AND MANUFACTURING OF LARGE 
SPACE SYSTEMS 

INTRODUCTION ( CONCLUDED) 

THE FOLLOWING OVERALL PROGRAM IMPLEMENTATION MODEL 
IS THE FRAMEWORK FOR THE STUDY PERFORMANCE. THE 
MODEL POINTS OUT THE SEGMENT OF THE MODEL COVERED BY 
THIS STUDY AND RELATES IT TO OTHER EFFORTS. 


PSOl/VON TIESENHAUSEN 


JANUARY 1978 


taGAMllAllON 

PROGRAM 

DEVELOPMENT 




EXTRATERRESTRIAL PROCESSING AND MANUFACTURING OF 
LARGE SPACE SYSTEMS - STUDY MODEL 



GB -GROUND BASE 
EOT - EARTH ORBIT TEKMiNAL 
LOT - LUNAR ORBIT TERMINAL 
LRC - LUNAR RESOURCE COMPLEX 
LMF - LUNAR MANUFACTURING 
FACILITY 

TP - CARGO TRANSITION POINT 
SMF - SPACE manufacturing 
FACILITY 

GSOC- GEOSYNCHRONOUS ORBIT 
COMPLEX 





FIGURE 1 
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STUDY OBJECTIVE 


0 DEFINITION AND EVALUATION OF A SPACE AAANUFACTURING 
FACILITY (SMF) AND A LUNAR MANUFACTURING FACILITY (LAAF) 
FOR LARGE SPACE SYSTEMS. 

0 COMPARATIVE ASSESSMENT BETWEEN SMF AND LMF. 


ASSUMPTIONS. GUIDELINES AND CONSTRAINTS 
0 A BIBLIOGRAPHY IS PROVIDED AS A STUDY BASIS. 
0 LUNAR MATER I ALS TO BE COVERED ARE: 


SILICON 

SILICA 

ALUMINUM 

IRON 

SLAG 


CALCIUM 

MAGNESIUM 

TITANIUM 

OXYGEN 
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ASSUMPTIONS. GUIDELINES AND CONSTRAINTS (CONCLUDED) 



LOW OPTION 

IVIED lUM OPTION 

HIGH OPTION 

0 

ASSUMED ANNUAL PRODUCTION 
RATES (KG) 

105 

10^ 

5X10® 

0 

ASSUMED TOTAL PRODUaiON (KG) 

io7 

3X10* 

1.5X10*® 

0 

PRODUCTS SHALL INCLUDE: 



✓ 


- SILICON PHOTOVOLTAIC SOLAR ENERGY CONVERTERS 
GLASS FIBER COMPOSITE STRUCTURES 

- ALUMINUM STRUCTURES 
POWER DISTRIBUTION SYSTEMS 
RF GENERATORS 

ANTENNAE 

RADIATION SHIELDING 

SPS PROGRAM (HIGH OPTION ONLY) 

0 . FULLY AUTOMATED'OPERATIONS. 


0 20-30 YEAR OPERATIONAL LIFETIME 
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FIGURE t STUDY LOGIC FLOW FOR EXTRATERRESTRI \L FROCESSIITG AND 

mm;uf- cturi:ic of l-rce space systems 
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SPACE MANUFACTURING FACILITY (SMF) 



REQUIRED ACTIVITIES 

0 PERSONNEL AND CARGO RECEPTION FROM EOT AND L2 
0 PERSONNEL HABITATION 

0 CONTROL AND MANAGEMENT OF OPERATIONS AND LOCAL TRAFFIC 
0 CONTROL OF LAUNCH OPERATIONS TO GSOC AND EOT 
0 PERSONNEL AND CARGO LOCAL TRANSPORT 

0 CARGO STORAGE 

0 CHEMICAL MATERIALS PROCESSING 
0 METALLURGICAL MANUFACTURING 
0 PHOTOVOLTAIC BLANKET MANUFACTURING 
0 COMPONENT MANUFACTUR I NG 

0 PRODUCTION CONTROL 
0 ASSEMBLY AND TEST 




fO«CANllAllOM> 


INAMI. 


MARSHALL SPACE FLIGHT CENTER 

PROGRAM EXTRATERRESTRIAL PROCESSING |PS01/VON TIESENHAUSEN 

DEVELOPMENT AND MANUFACTUR I NG OF LARGE 

SPACE SYSTEMS 

PROGRAM SUBELEMENTS 
0 LOCAL TRANSPORTATION 
0 LEO-SMF TRANSPORTATION (P&C) 

0 TP -SMF TRANSPORTATION (P&C) 

0 SMF CARGO RECEIVING STATION 

0 SMF STAGING AND CARGO BASE 

0 SMF HABITAT BASE 

0 SMF OPERATIONAL CONTROL STATION 

0 SMF CHEMICAL PROCESSING FACILITY 

0 SMF METALLURGICAL MANUFACTURING FACILITY 


OAII. 

JANUARY 1978 








EXTRATERRESTRIAL PROCESSING 
AND MANUFACTURING OF LARGE 
SPACE SYSTEMS 
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PROGRAM SUBEIEMENTS (CONCLUDED) 

G 

SMF SILICON PHOTOVOLTAIC MANUFACTURING FACILITY 

G 

SMF COMPONENT MANUFACTURING FACILITY 

0 

SMF PRODUCTION CONTROL STATION 

0 

✓ 

SMF ASSEMBLY COMPLEX 

0 

SMF TEST STATION 

0 

SMF EQUIPMENT AND OPERATIONS 

0 

SMF LOCAL TRANSPORTATION 

0 

POWER SYSTEMS 
% 

• 
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MARSHALL SPACE FLIGHT CENTER 

EXTRATERRESTRIAL PROCESSING PSOl/VON TIESENHAUSEN 

AND MANUFAaUR I NG OF LARGE 

SPACE SYSTEMS JANUARY 1978 


STUDY SCHEDULE FOR PHASE 1 


SIX MONTHS PLUS ONE MONTH FOR DOCUAAENTATION 


STUDY FUNDING FOR PHASE I 
$80K 
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SPACE UTILIZATION 


SESSION 'U' - 


Spac'3 Utilization Studies (S. S^dir., KQ) 

In th3 absence of an ARC represenoative to present the scatus 
of tills study, 3. Sc’din made some brief remarks. Results of 
the workshops held the last three sumtacrs ‘.vera aumj.arited , 
and the point was mads that they had provided valuable input 
to t.he JSC an i MSFC studies. 

DISC'JSSION : Comments were made concerning possible "pollution” 

from a mass driver for OTV propulsion, and the general utility o 
such a device was questioned. The future direction of thi.s 
stuav effort was discussed. 


Lunar Resources Utilitation Studies 


f V 


r'u.m, JSC) 


DISC'JSSICM: Studies should consider lunar propulsion trade-offs 

and alternatives to the mass driver for a lunar launch vehicle. 


Extraterrestrial Prccessinc and .'-'.a.nufa 


~*~(G. von Tiese.nhausar. , 


W -I * U. . I 


Svste: 




DISCUSSION: Question raised about asteroid us; 
to processing lunar materials, and possible OSc 
such efforts. 


iitaon 


leres - 


Discussion of FY 79 Pla.ns in Soace Utilization 


Continuation of oresent efforts. 


von Taese.n.nausen 


forts to design er.d-to-end system and exa.min= 


to expand 

interfaces and hew this affected technology. Stan Sadin 
did not feel that such a far- term pro jeer should be push; 
to that ocint at such an earlv date. 


In FY 79, the MSFC study will examine the 
cessing and manufacturing option. 


lunar-caseo 


original 

hf poor 


page to 

quaUTV 




SECTION 4 
SESSION 'T^ 

REVIEW OF SPACE TRANSPORTATION STUDY PROGRAM 



C'l7 


ADVANCED SPACE TCANSPORTATION TECHNOLOGY STUDIES 
OAST SPACE SYSTEMS STUDIES REVIEW MEETING 

JANUARY 11-12, 1978 


B. Z. Henry 
URC - SSD 

k 

} 



ADVANCED SPACE TRANSPORTATION TECHNOLOGY STUDIES 



FY76 

FY77 

FY78 

FY79 

FY80 


VEHICLE TECHNOLOGY 


SINGl£ STAGE - LOX/LH PROPULSION 

- DUAL MODE PROPULSION 

- LINEAR ENGINE INTEGRATION 

- CONTROL CONFIGURED DESIGN 

- HEAVY LIFT- BALLISTIC/ WINGED 

- AIRBREATHING APPLICATIONS 

MULTISTAGE - AIRBREATHING BOOST 

- HEAVY LIFT 

ORBITAL TRANSFER 

- AEROMANEUVERING 

- CHEMICAL/ ELECTRICAL 

TRANSPORTATION SYSTEM TECHNOLOGY 


INTEGRATED EARTH TO GEO, 

NEAR TERM APPLIC. OF ADV. TECHNOLOGY 
OPT. SYSTEM MATRIX -MAX. TECH. COMMONALITY 
INTERACTION - OPNS, TECK/ DESIGN TECH. 



INHOUSE PIANNED FUNDED 
CONTRACT 












TARGET AREAS FOR TECHNOLOGY ADVANCES 


RDT&E 





DUAL MODE PROPULSION SYSTEM COMPARISONS 


REFERENCE VEHICLE; VTOHL LOX/LH 2 SSTO 

GLOW > 1952 000 KG 
DRY MASS - 206 000 



CASE 

LINEAR 

SERIES 

PARALLEL 

DUAL EXPANDER 

MODE 

INTEGRAL 

PARALLEL 

% 

INTEGRAL SERIES 
+ SEPARATE 

SEPARATE 

PARALLEL 

INTEGRAL 

PARALLEL 

CYCLE RP/LH 

GG/SC 

sc/ SC 

GG/SC 

GG/SC 















STUDY: APPLICABILITY Of THE CONTROL CONFIGURED DESIGN APPROACH TO 

ADVANCED EARTH ORBITAL TRANSPORTATION SYSTEMS 

OBJECTIVE: STUDY APPLICABILITY AND PERFORMANCE GAINS OF CONTROL 

CONFIGURED DESIGN CONCEPTS AS APPLIED TO A SINGIE-STAGE-TO- 
ORBIT VEHICLE 

TASKS: I - APPLICABILITY OF CCV TO SSTO TECHNOLOGY STUDY (LITERATURE 
SURVEY) 

II - STUDY RANGE OF STATIC STABILITY AND CONTROL POWER OVER 
ENTRY MISSION PROFILE (6D MOTION STUDIES) 

III - ESTABLISH LEVELS OF REQUIRED DAMPING AND RIGID MODE AUGMENTED 
FREQUENCY AND DETERMINE IF CURRENT HANDLING QUALITY CRITERIA 
ARE APPLICABLE TO CCV (60 MOTION STUDIES) 

IV- IDENTIFY TECHNOLOGY ADVANCES MOST PROMISING TO CCV DESIGN 

CONTRACT: NASl-14833, $75K, 12 MONTHS (SUPPORTED BY CODE RA) 

FINAL ORAL PRESENTATION NOVEMBER 30, 1977, COMPLCTION MARCH 1,1978 


Si: 

O 



L PAYLOAD , 1000 LB 


>■■■■ I eg "a 


feE2$ GS^ gSB^ 

ccy . STUDY PERFORMANCE SUMaMy 
GLOW ' 1.47x106 KG 




PAYLOAD HYPERSONIC TR I W TEMP. LANDING SPEED 

TRIM 0)V1AX** is* 



f 


STUDY RESULTS 


0 UNSTABLE SSTO DESIGNS CAN BE CONTROLLED WITH STATE-OF-THE-ART 
TECHNIQUES FOR NEGATIVE STATIC MARGINS UP TO 0.14 c, 

0 THE MAIN DESIGN CONSIDERATIONS FOR THE CCV DESIGN ARE: 

1. AFT C.G. 


2. HYPERSONIC TRIM 


3. CONTROL SURFACE FLOW SEPARATION AND HEATING CONSTRAINTS 


0 


THE CRITICAL TASK OF CCV DESIGN IS 
CONFIGURATION FOR HYPERSONIC TRIM. 


OPTIMIZATION OF THE WING-BODY 


0 


OPTIMIZED CCV DESIGN CAN BE CONTROLLABLE AND 
PAYLOAD GAINS OVER STABLE VEHICU DESIGNS. 


OFFERS SUBSTANTIAL 



f~lt V 


WINGED VS. BALLISTIC HEAVY-LIFT VEHICLE 
TECHNOLOGY QUESTIONS 

WINGED - FLIGHT WITH FAR AFT C.G. 

- PAYLOAD SHROUD MECHANICS 

BAUISTIC - BASE HEAT SHIELD DESIGN 

ASCENT- PLUME HEATING 
ENTRY - MULTIPLE PENETRATIONS 

- BASE VOLUME UTILIZATION 

- EFFICIENT, LOAD CARRYING TANKAGE 

COMMONALITY - SHUTTLE, WINGED HLLV INVOLVE MANY COMMON TECHNOLOGIES 
- BALLISTIC INTRODUCES DIFFERENT CONCERNS 





STUDY: TURBOJET-BOOSTED TWO-STAGE-TO-ORBIT SPACE TRANSPORTATION SYSTEM 
DESIGN STUDY 

OBJECTIVE - TO IDENTIFY CRITICAL AND UNIQUE PROBLEMS, DEVELOP SOLUTIONS, 
INCORPORATE INTO CONCEPTUAL DESIGN 

TASKS - DISCIPLINARY ANALYSES AND DESIGN TRADES 

- CONCEPTUAL DESIGN AND PERFORMANCE ANALYSIS 

- PRELIMINARY COST ANALYSIS 

- TECHNOLOGY REQUIREMENTS ANALYSIS 
CONTRACT - $107K, 8.5 MO. (SUPPORTED BY CODE RAI 

INITIATED DECEMBER 7, 1977 - BOEING 



LAUNCH OPTION COMPARISON 
PAYLOAD - 29 500 KG 



OPERATIONAL 

MODE 

VTOHL 

SSTO 

VTOHL 

STAGED M ■ 6 

HTOHL 

STAGED M-3.5 

PROPULSION 

SSME GROWTH 
GAS GEN. RP 
PARALLEL 

SSME GROWTH 
GAS GEN. RP 
SERIES 

SSME GROWTH 
ADV. T.J. 
SERIES 

STRUCT. & 
SUBSYSTEMS 

NOR AAAL GROWTH 
1995 IOC 

SAME 

1 

SAME 

ft 


• 2M^ 


GLOW 


IM 


0 
400K 
DRY 


ASCENT 200 
PROPEUANT 
COST, 100 
K$ 

0 


PS 

fe -fm 

m 






ABC 




J 


ABC 



ABC 






SINGLE VS. TWO STAGE WINGED HUV 
200 000 KG PAYLOAD, ACCELERATED TECHNOLOGY (1995 IOC) 

H BOOSTER. 1ST STAGE 
B ORBITER, 2ND STAGE 










. ORIGINAL PAGE Ib 
OF POOR QUALITY 


01V STUDY VEHICLES *■ LOVLH 




SHUmi AflASS COMPATIBLE SHUTTLE VOLUME OMPATIBLE 

• :* *1 



4 ENG 

HLLV COMPATIBLE . 







otv SIZING AND PERFORMANCE TRADES 
l£0 28.5® INCLINATION 
GEO 0® 

Delivered Payload - 50,000 Kg 


7000 


6000 

Ideal AV, 
n/sec 


5000 


4000 


t.) 



3000 




COMPARISON OF ELECTRIC AND CHEMICAL CARGO OTV 


50,000 Kg GEO DEPLOY 


MASS 

Kg 



AMORTIZATION ($40/ Kg) 

0 VEHICLE COSTS ARE A MAJOR CONCERN FOR toTRlCAL 


CO 


0 LOW LAUNCH COSTS COULD FAVOR A CHEMICAL 



STUDY; TECHNOLOGY REQUIREMENTS FOR FUTURE EARTH-TO-GEOSYNCHRONOUS ORBIT 
TRANSPORTATION SYSTEMS 

OBJECTIVE - TO ASSESS THE TECHNOLOGY REQUIREMENTS OF A VEHICLE MATRIX 
REPRESENTATIVE OF AN INTEGRATED EARTH GEO. TRANSPORTATJCN 
SYSTEM 

TASKS - EVALUATE THE CAPABILITIES OF EARTH-ORBIT AND ORBIT-ORBIT SYSTEMS 
AS A FUNCTION OF TIME WITH NORMAL TECHNOLOGY GROWTH. 

- DETERMINE COSTS AND BENEFITS RESULTING FROM THE ACCELERATION 
OF TECHNOLOGY GROWTH IN AREAS OFFERING POTENTIAL HIGH YIELD. 

- DEFINE PERFORMANCE POTENTIAL OF FUTURE SYSTEMS INCORPORATING 
ACCELERATED TECHNOLOGY GROWTH LEVELS AS A FUNCTION OF TIME. 

CONTRACT - $192K, 12 MONTHS 

INITIATED FEBRUARY 1. 1978 - BOEING 



rWTEGRATED TRANSPORTATION SYSTEM TECHNOLOGY 
VEHICLE STUDY MATRIX 



HEAVY LIFT X 
LAUNCH VEHICLE / 
PL c; 227000 KG J 




PLANS AND DIREC‘"IONS - IRANSPORTATION TECHNOLOGY 


CONTINUATION OF EFFORTS TO QUALITATIVELY EVALUATE TECHNOLOGY REQUIREMENTS 
AND GROWTH 

RESOLUTION OF UNANSWERED QUESTIONS 

HLLV - WINGED OR BALLISTIC 
- SINGLE- OR MULTI-STAGE 
AIRBREATHING PROPULSION APPLICATION 

DEFINE NEAR-TERM APPLICATIONS OF ACCELERATED ADVANCED TECHNOLOGY 

DEFINE OPTIMAL TRANSPORTATION SYSTEM/ TECHNOLOGY DEVELOPMENT PROGRAM 

INCREASE EMPHASIS ON DEVELOPMENT OF IDENTIFIED CRITICAL AND/OR HIGH YIELD 
TECHNOLOGIES 

STRUCTURES AND AAATERIALS 
PROPULSION 

AEROTHERMODYNAMIC DATA BASE 

OPERATIONS 

DESIGN INTEGRATION 



STUDY; NEAR TERM APPLICATION OF ACCELERATED ADVANCED TECHNOLOGY 


OBJECTIVE - 

TO DEFINE A TECHNOLOGY DEVELOPMENT PROGRAM WHICH BENEFITS 
NEAR-TERM SYSitMS AND PROVIDES DEVELOPMENT CONTINUITY TO MEET 
FAR-TERM SYSTEM REQUIREMENTS. 

• 

APPROACH - 

SENSITIVITY ANALYSES OF NEAR-TERM SYSTEMS TO DEFINE POTENTIAL 
HIGH YIELD AREAS 

- 

CORREIATION OF IDENTIFIED HIGH-YIELD AREAS FOR FAR-TERM APPLICA- 
TIONS WITH NEAR-TERM REQUIREMENTS 

- 

DEFINITION OF MOST EFFECTIVE OVERALL TECHNOLOGY DEVELOPMENT 
PROGRAM 

CONTRACT - 

$150K, 10 MONTHS 


oo 



to 


STUDY: OPTIMAL TRANSPORTATION SYSTEM/ TECHNOLOGY DEVELOPMENT PROGRAM 

OBJECTIVE - DEFINE FUTURE SYSTEM WHICH MAXIMIZES COMMONALITY AND BENEFITS 
OF SELECTED ADVANCES IN TECHNOLOGY 

APPROACH - ANALYSES OF POTENTIAL APPROACHES TO SUPPORT REQUIREAAENTS OF 
THE VARIOUS ELEMENTS OF THE TOTAL SYSTEM 

- IDENTIFICATION OF TECHNOLOGY DRIVERS FOR EACH. CORRELATION WITH 
IDENTIFIED HIGH YIELD AREAS 

- DETERMINATION OF SYSTEM WHICH DERIVES MAXIMUM BENEFIT FROM A 
COMMON TECHNOLOGY PROGRAM 

- DEFINITION OF MOST EFFECTIVE DEVELOPMENT PHASING 

cor^nrRACT - $150 k, 12 months 

FY79 



c • 

OAST SPACE STUDIES REVIEW MEETING 'SPACE TRANSPORTATION 



PROGRAM STATUS PRESENTATION 
TO 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY 
NASA HEADQUARTERS 

by 

James j. Pelouch, Jr. 

Propulsion Systems Section 
Space Propulsion and Power Division 

LEWIS RESEARCH CENTER 
January II & 12, 1978 





SPACE TRANSPORTATION STUDIES 'OVERVIEW 


WORK OBJECTIVE: 


CURRENT SCOPE: 


CURRENT STUDY 
ACTIVITIES; 


LmIs Researdi Center 
System Concept Branch 
peiouch mm ai 


SYSTEMS CONCEPTS BRANCH 
PROPULSION SYSTEMS SECTION 

DEFINE THE REQUIREMENTS FOR FUTURE SPACE PROPULSION SYSTEMS AND 
DETERMINE THE APPLICABILITY OF CURRE^>^ AND PLANNED PROPULSION 
TECHNOLOGY TO THESE REQUIREMENTS. PROMOTE A MUTUAL AWARENESS 
BETWEEN THE PROPULSION USES AND PROPULSION TECHNOLOGY COMMUNITIES. 


EARTH ORBIT AND PLANETARY APPLICATIONS 


e PROPULSION SYSTEM PERFORMANCE FORECASTING 

Advanced Chemical 
Electrostatic 
Thermoelectric 
Induction 

• LOW-THRUST CONCEPTS ANALYSES FOR OPERATIONS BETWEEN LEO AND GEO 

Chemical 

Electric 

e COST. PERFORMANCE AND Rai ABILITY STUDIES OF EUCTROSTATIC 
PROPULSION FOR PLANETARY MISSIONS 


O 



SPACE TRANSPORTATION STUDIES 


DISCIPLINES: 


AWARENESS: 


CURRENT LEVa-OF-EFFORT: 


-OVERVIEW (2) 

I COST MODELING 

I PERFORMANCE ANALYSIS 

> PERFORMANCE PREDICTION CAPABILITIES AND LIMITATIONS) 

) MISSION REQUIREAAENTS ANALYSIS 

» DEVELOPMENT RISK ANALYSIS 

>ROPULSION TECHNOLOGY DIRECTIONS ALTERED BY: 

I CHANGES IN Ml SS ION MODELS AND PREDICTED TRAFFIC 
( EVOLUTIONS IN OTHER SPACE TECHNOLOGY 

. Cost and Weight of Space Power 
. Environmental Effects on Space Power 
. Cost of ETO Transportation 
. Presence of Men In LEO or LEO or both 
. Space System Structural Technology 
Spacecraft Automation 


DIRECT IN-HOUSE 
INDIRECT IN-HOUSE 


4 M-Y 
I M-Y 




SPACE TRANSPORTATION STUDIES < PRESENTATION OURINE 


01 


• ADVANCED CHEMICAL ENGINE STUDY CONTRACTS 

• EARTH-ORBITAL APPLICATIONS FOR ELECTRIC PROPaSION 

CONTRACT OVERVIEW 
IN-HOUSE COST MODaiNG 

• IN-HOUSE LaRC/LeRC PROGRAM IN LOW-THRUST CHEMICAL PROPULSION 

PROGRAMMATIC 

STATUS 

MISSION REQUIREMENTS 

PRaiMINARY PROPaUNT PERFORMANCE ESTIMATES 
COST ANALYSIS 


O 


SPACE TRANSPORTATION STUDIES - ADVANCED CHEMICAL ENGINES 


(4) 


OBJECTIVE: 


APPROACH: 


STATUS: 


PROVIDE DESIGN AND PARAMETRIC DATA ON 
ADVANCED ENGINES FOR MIXED-MODE ETO AND OTV 
VEHICLE STUDIES 

IDENTIFY PROPULSION TECHNOLOGY NEEDS 

PROPELLANT PERFORMANCE 
THRUST CHAMBER COOLING 
CYCLE BALANCE 

DELIVERED PERFORMANCE, WEIGHT AND ENVaOPE PARAAAETRICS 
PRELIMINARY DESIGNS (ETO ENGINES) 

BELL NOZZLE ETO ENGINES 
CONTRACT NAS 3-19727 
AEROJET - COMPLETE 

LINEAR AEROSPlivX ETO ENGINES 
CONTRACT NAS3-20II4 
ROCKETDYNE - COMPLETE 

BELL & DUAL -EXPANDER OTV ENGINES 
CDNTRACt NAS3-2I049 (PARAlia BURN) 

AEROJET - END DATE C/22/78 


SERIES BURN STUDY -TBD 




SPACE TRANSPORTATION STUDIES > aECTRIC PROPULSION 


(S) 


OBJECTIVE: 


f Y 78 SCOPE: 


ISSUES: 


STATUS: 


STUDY CONTRACT OVERVIEW 

IDENTIFY ADVANCES IN lON’BOMBARDMENT aECTRIC PROPULSION TECHNOLOGY 
NEEDED TO MEET MISSION REQUIREMENTS OVER NEXT THREE DECADES AND 
ESTABLISH NATURE OF THESE ADVANCES 

• PRIME PROPULSION 

• aECTROSTATIC PROPULSION 

• 30-CM EMT BASELINE 

• PHOTOVOLTAIC POWER 

STUDY SIGNIFICANT COST DRIVERS 

• LAUNCH COSTS 

• POWER SUPPLY DEGREDATION 

• THRUSTER SYSTEM CHARACTERISTICS 

• COST AND WEIGHT OF POWER 
NEGOTIATION COMPLETE - AWARD IMMINENT 



SPACE TRANSPORTATION STUDIES > aECTRIC PROPULSION 


(61 


COST NIODEIING 

OBJECTIVE: DEVaOP FIRST-ORDER PERSPECTIVES ON aECTRIC PROPULSION COST DRIVERS 

• ORBIT RAISING APPLICATIONS 


LEO-CEO COST 
UNIT OF PAYLOAD MASS 


FUNCTION OF 


^ Cost 

Power System Power^ 

Power 

Power System Mass 

Thrust 

Propulsion System Mass 

Thruster Specific Impulse 
Thrust System aficiency 
ETO Cost 
Leo-Geo Traffic 
OTV Life 




MOST OF THESE VARIABLES ARE NOT MUTUALLY INDEPENDENT 

• PROBLEM IS VERY COMPLEX 


SPACE TRANSPORTATION STUDIES -ELECTRIC PROPULSION 


IT) 


PERFORMANCE OF THRUSTER EFFECTS LEO-GEO COST SIGNIFICANTLY 


W 


LEO-GEO 

$/Kg 


THRUSTER 

EFFICIENCY 



SPECIFIC IMPULSE (SEC) 
BUT "OPTIMUM" (Isp) CHARACTERISTIC IS INaUENCED BY 


Cost 

Power, 


Power 

Mass. 


and 


Thrust 

Mass 


SPACE TRANSPORTATION STUDIES -ELECTRIC PROPULSION 


( 8 ) 


OBJECTIVE 


IN-HOUSE 




EL ECTRIC PROPULSION S.O.A. PRESENTATION 
AND CONTRACTOR WORK PLAN PRESENTATION 

DESCRIBE ELECTROSTATIC PROPULSION STATE-OF-THE-ART TO THE 
STUDY CONTRACTOR AND DISCUSS ITEMS OF MUTUAL INTEREST IN 
ELECTRIC PROPULSION TECHNOLOGY 

• FEB. 2 & 3. 1978. AT LeRC 

• OAST AND OSF AND CENTERS WIU BE INVITED TO ATTEND 

PUNS 

• COST MODELLING 

• THRUSTER DATA BASE 


SPACE TRANSPORTATION STUDIES -LOW-THRUST CHEMICAL 


LEWIS RESEARCH CENTER 
SYSTEMS CONCEPTS BRANC 
PELOUCH (9) 


PROGRAM OUTLINE 

OBJECTIVE: INVESTIGATE THE FEASIBILITY OF CHEMICAL PROPULSION FOR LOW-THRUST ORBIT 

RAISING AND DEFINE THE TECHNOLOGY OPTIONS 


I 


ENGINE SYSTEM 


VEHICLE SYSTEM 

• DEFINE PRELIMINARY CONFIGUR- 


• DEFINE PRELIMINARY CONFIGURATIONS 

ATIONS 

• PRELIMINARY ANALYSES 


• PRELIMINARY ANALYSES 

CHAMBER COOLING AND STRESS 


STRUCTURAL 

PUMP. DRIVE. AND CYCLE 


THERMAL 

DELIVERED PERFORMANCE 


DYNAMIC/STABILITY 

WEIGHTtNVELOPE 


WEIGHT/ENVELOPE 


CJl 


DESIGN OPTIMIZATION 

• PERFORMANCE 

• SIMPLICITY 

• MAX. UTILIZATION OF AVAILABLE TF^»"»!OLOGY 

• GROWTHIRECONFIGURING FLEXIBILITY ' 


} 

» 

f 

I 


i 






SPACE TRANSPORTATION STUDIES -LOW THRUST CHEMICAL 


LeRC STATUS 

• SOME INFORMATION OBTAINED ON MISSION REQUIREMENTS 

• PRaiMINARY Up PREDICTION OF VARIOUS PROPELLANT COMBINATIONS 
COMPLETE 

• PRELIMINARY HYDROGEN REGEN. COOLING INFORMATION GENERATED 

• COST ANALYSIS IN PROGRESS 

• PROPULSION SUBSYSTEM WEIGHT SCALING CALCULATIONS IN PROGRESS 
t SEARCHING AND ACCUMULATING INFORMATION ON SHaP HARDWARE 




SPACE TRANSPORTATION STUDIES - I.OW THRUST CHEMICAL 


(la 
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SPACE TRANSPORTATiON STUDIES - LOW THRUST CHEMICAL 
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SPACE TRANSPORTATION STUDIES - LOW THRUST CHEMICAL 


IMI 

PRELIMINARY PERFORMANCE 
CHAMBER PRESSURE - 200PSIA 
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SPACE TRANSPORTATION STUDIES - LOW THRUST CHEMICAL 


CO ST ANALYSIS - 

• EXPENDABLE VEHICLES - ISHUmEETOI 

I 5 P WILL MOST LIKELY HAVE TO EXCEED 350 SEC. 

NO PRELIMINARY ADVANTAGE FOR H-0 OR FOR HIGHER DENSITY 
PROPELLANTS IN THE 350-400 SEC I jn RANGE 

(HIGHER MASS FRACTION TENDS TO OFFSET LOY/ER Ijp) 

H-0 CAPABLE OF 460 SEC. Ijp @ lOOLB. THRUST. 200PSI Pc 


• REUSABLE VAHICLES - IH-0, SINGLE-STAGE, 460 SEC. Ijp) 

MASS FRACTION WILL HAVE TO EXCEED a 95 TO BE COMPETITIVE 
WITH EXPENDABLE IF ETO COSTS ARE OF SHUTTLE ORDER 

FOR ETO COSTS $50/Kg. . REUSABLE IS A CLEAR WINNER 

o % • SIMILAR ARGUMENTS SEEM TO EXIST FOR HIGH THRUST OTV'S 

. ALL COST COMPARISONS ARE HIGHLY SENSITIVE TO MISSION 
> DELTA V ASSUMPTIONS 
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SESSION - SPACE TRANSPORTATION 

Advanced Space Transportation Technology S‘-.udies (3. Henry, LaRC) 

DISCUSSION: Stan Sadin nentioned that this study vas a cicdel 

of the multi-center, multi-year theme studies with a fine 
working relationship existing between the LaRC and LeRC 
groups, and also witnn TSC and MSEC personnel, even though 
these Centers receive no RX funds. The hea^/y in-house effort 
in support '^f this study was also praised. 


Space Transportation Studies (J. Pelouch, Jr., LeRC} 

DISCUSSION: More discussion cf .mass driver concepts. Mr. 
Pelouch statai rhat he needed to becorre .more familiar with 
HQ space power for propulsion activities. 


Discussion of FY 75 Plans in Space Transportation- 


Continuation cf present efforts. The LaRC study will prepare 
a technology development program. LeRC is interested in ncn- 
transportaticn propulsion require.ments . 


The proper place for mass driver proouisicn studies in the 


. t oe audec to 


program v/as discrss^d; shoul: 
studies or to the JSC utiiination effort? 
be discussed at the future meerinc at LaRC. 


iRC svste.m 


.N — — i. 
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SECTION 5 
SESSION 'M' 

REVIEW OF MULTIPROGRAM TECHNOLOGY STUDY PROGRAMS 



730 -7 


PRESEMTATION TO OAST-CODE RX 
STUDY. ANALYSIS AND PLANNING OFFICE 

ADVANCED AUTOMATION NEEDS ANALYSIS 

PROGRESS REPORT 

RTOP NO. 790-40-13 

FUNDING; $75KlnFY'77 
$30K In FY 78 

EWAlD HEER 
JANUARY 11. 1978 


r.:i 


EH; l-n-78 
SECT. 930; p.l 



ADVANCED AUTOMATION NEEDS ANALYSIS 

OBJECTIVES 

• IDENTIFY OPPORTUNITIES FOR THE APPLICATION OF MACHINE 
INTELLIGENCE AND ROBOTI :S IN NASA MISSIONS AND SYSTEMS. 

• ESTIMATE THE BENEFITS OF SUCCESSFUL ADOPTION OF MACHINE 
INTELLIGENCE AND ROBOT TECHNIQUES AND PREPARE FORECASTS 
OF THEIR GROWTH CAPABILITY. 

• RECOMMEND PROGRAM OPTIONS FOR RESEARCH. ADVANCED DEVaOP- 
MENT AND IMPLEMENTATION OF MACHINE INTELLIGENCE AND ROBOT 
TECHNOLOGY FOR USE IN OAST PROGRAM PLANNING. 

• BROADEN COMMUNICATION AMONG NASA CENTERS AND UNIVERSITIES 
AND OTHER RESEARCH ORGANIZATIONS CURRENTLY ENGAGED IN 
MACHINE INTELLIGENCE AND ROBOTICS RESEARCH. 


EH; 1-1 1-78 
SECT. 930; p.2 




ADVANCED AUTOMATION NEEDS ANALYSIS 

APPROACH 



• ESTABLISH A "STUDY GROUP ON MACHINE INTELLIGENCE AND 
ROBOTICS" CONSISTING OF REPRESENTATIVES FROM UNIVERSITIES 
AND OTHER INSTITUTIONS WORKING IN THESE AREAS 

• PLAN AND HOLD FIVE WORKSHOPS WITH SPEAKERS INVITED FROM 
NASA. UNIVERSITIES AND INDUSTRY 

• IDENTIFY AND DESCRIBE POTENTIAL AREAS OF APPLICATION FOR 
ADVANCED AUTONOMOUS SYSTEM TECHNOLOGY FOR NASA R&D PROGRAM 
PLANNING 

• PREPARE FINAL REPORT. INCLUDING RECOMMENDATIONS FOR 
CRITICAL AREAS OF TECHNOLOGY DEVELOPMENT 




EH; 1-11-78 
SECT. 930; p.3 




^ ADVANCED AUTOMATION NEEDS ANALYSIS 

RATIONALE 

• NASA OAST HAS SET AMBITIOUS GOALS FOR FLIGHT AND GROUND 
BASED SYSTEMS TO INCREASE THEIR PERFORMANCE A THOUSANDFOLD 
BY 1985 

• RECENT DEVELOPMENTS IN LARGE-SCALE INTEGRATED ELECTRONICS 
ENABLE ADVANCED COMPUTING AND INFORMATION SYSTEMS NOT YET 
CONSIDERED IN NASA PLANNING 

• IT IS THEREFORE TIME TO CONSIDER NEW APPROACHES IN ADVANCED 
AUTOMATION FOR FUTURE NASA PROGRAMS 


EH; l-n-78 
SECT. 930; p. 4 




ADVANCED AUTOMATION NEEDS ANALYSIS 

NASA STUDY GROUP ON MACHINE 
INTELLIGENCE AND ROBOTICS 

CHAIRMAN: DR. CARL SAGAN, CORNELL UNIVERSITY 

EXECUTIVE SECRETARY: DR. EWALO HEER, JET PROPULSION LABORATORY 


OR. JAMES S. AIBU5 
NATIONAL BUREAU OF STANDARDS 

DR. ROBERT M. BALZER 
INFORMATION SCIENCE INSTITUTE 

DR. THOMAS O. 8INFORD 
STANFORD UNIVERSITY 

DR. WILLIAM B. GEVARTER 
NASA HEADQUARTERS 

DR. R. C. GONZALES 
UNIVERSITY OF TENNESSEE 

OR. PETER HART 

STANFORD RESEARCH INSTITUTE 

DR. JOHN W. HILL 
STANFORD RESEARCH INSTITUTE 

MR. GENTRY B. LEE 

JET PROPULSION LABORATORY 

DR. ELLIOTT C. LEVINTHAL 
STANFORD UNIVERSITY . 

DR. JACK MINKER 
UNIVERSITY OF MARYLAND 


DR. MARVIN MINSKY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

DR. DON.<^LD A. NORMAN 
UNIVERSITY OF CALIFORNIA S.D. 

DR. RAJ REDDY 

CARNEGIE-MELLON UNIVERSITY 

OR. CHARLES J. RIEGER 
UNIVERSITY OF MARYLAND 

MR. STANLEY R. SADIN 
NASA HEADQUARTERS 

DR. THOMAS B. SHERIDAN 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

DR. PATRICK H. WINSTON 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

OR. WILLIAM WHITNEY 

JET PROPULSION LABORATORY 

DR. STEPHEN YERAZUNIS 
RENSSELAER POLYTECHNIC INSTITUTE 


:d 
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ADVANCED AUTOMATION NEEDS ANALYSIS 

WORKSHOP I - NASA PROGRAM OVERVIEW 



UNIVERSITY OF MARYLAND. JUNE 27 TO 29. 1977 

ACQUAINT THE STUDY GROUP WITH PLANNED NASA PROGRAMS INCLUDING: 

• SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE 

• PLANETARY EXPLORATION 

• GLOBAL RESOURCES AND EARTH OBSERVATION 

• SPACE INDUSTRIALIZATION 

• LARGE AREA SPACE STRUCTURES 

• REMOTELY OPERATED SYSTEMS 

• SPACE TRANSPORTATION SYSTEMS AND GROUND OPERATIONS 

• FLIGHT OPERATIONS AND MISSION CONTROL 

• END-TO-END DATA MANAGEMENT 


EH; l-n-78 
SECT. 930; p.6 




ADVANCED AUTOMATION NEEDS ANALYSIS 

WORKSHOP II A - PLANETARY SURFACE 
ROVER TECHNOLOGY 


JET PROPULSION LABORATORY, SEPTEMBER 28 AND 29, 1977 

• RESULTS OF MARS 1984 STUDY 

• MANIPULATION FOR PLANHARY SURFACE ROVERS 

• LOCOMOTION FOR PUNETARY SURFACE ROVERS 

• OPERATIONS FOR PLANETARY SURFACE ROVERS 


;o 
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ADVANCED AUTOMATION NEEDS ANALYSIS 

WORKSHOP IIB • COMPUTER ARCHITECTURE 
FOR FUTURE SPACE MISSIONS 

JET PROPULSION UBORATORY, SEPTEMBER 30, 1977 

• ARCHITECTURES FOR SPACECRAFT COMPUTERS 

• TRENDS IN COMPUTER ARCHITECTURES 

• TRENDS IN LSI TECHNOLOGY 

• WHAT SHOULD NASA DO IN COMPUTER ARCHITECTURE RESEARCH TO BE 
TWO ORDERS OF MAGNITUDE MORE COST EFFECTIVE IN 1990? 


;o 
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ADVANCED AUTOMATION NEEDS ANALYSIS 



WORKSHOP III • MISSION OPERATIONS 
AND DATA MANAGEMENT 


GODDARD SPACE FLIGHT CENTER, NOVEMBER 15 TO U 1977 

« 

• NASA DATA MANAGEMENT SYSTEMS 

• SYSTEMS DEVELOPMENT MCTHODaOGY IN MISSION OPERATIONS 

• ADVANCED SOFTWARE TOOLS FOR MISSION OPERATIONS AND HIGH- 
LEVEL UNGUAGES 

• TOPICS IN MAN-MACHINE SYSTEMS 


^3 
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ADVANCED AUTOMATION NEEDS ANALYSIS 



WORKSHOP IV - ROBOTS AND MAN-MACHINE 

SYSTEMS OPERATION 


JOHNSON SPACE CENTER, FEBRUARY 1 AND 2, 1978 


• SPACE RESOURCES AND COLONIES 

• LARGE SPACE SYSTEMS TECHNOLOGY 

• MANNED AND AUTOMATED OPERATIONS IN SPACE 


WORKSHOP V - IMAGE DATA PROCESSING 

NASA HEADQUARTERS, MARCH 8 AND 9. 1978 

• PROGRAMS AND APPLICATIONS 
. • APPLICATIONS AND TECHNOLOGY 
' • IMAGE SCIENCE 


EH; I-n-70 
— SECL-930^j^0 



ADVANCED AUTOMATION NEEDS ANALYSIS 

SCHEDULE AND STATUS 



TIME 

ACTIVITIES^ 

CY 

1977 

CY 1978 1 

1/4 

1/4 

1/4 

1/4 

1/4 

1/4 

1/4 

1/4 

SELECT STUDY GROUP 

▼ 








WORKSHOP 1 


T 







WORKSHOP II 



▼ 






WORKSHOP III 




V 





WORKSHOP IV 





V 




WORKSHOP V 





V 




PINAL REPORT 






127 



PRESENTATION TO 
NASA HQ 






V 
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ADVANCED AUTOMATION NEEDS ANALYSIS 

TENTATIVE CONCLUSIONS AND RECOMMENDATIONS 




• OUTPUT OF THIS STUDY WILL SERVE AS BASIS FOR ADVANCED AUTOMATION 
PROGRAM PLANNING 

• A NEW "AUTONOMOUS OPERATIONS" TECHNOLOGY INITIATIVE FOR FY 1980 IS 
PLANNED 

• OAST SPACE SYSTEMS STUDIES FUNDING FOR FY 1979 IS RECOMMENDED; 
CONDUCTING PLANNING STUDIES TO DEFINE AUTONOMOUS OPERATIONS 
TECHNOLOGY INITIATIVE 


EH; l-n-78 
SECT. 930; p.12 




PRESENTATION TO OAST - CODE RX 
STUDY, ANALYSIS AND PUNNING OFFICE 

STATUS REPORT 

TECHNOLOGY ENABLEMENT - MULTIPLE REQUIREMENTS 
FOR POINTING AND CONTROL 

RTOP NO. 790-40-15 
FUNDING $23K RX 
$25K RE 

STUDY LEADER J. B. DAHLGREN 
W. E. BACHMAN 
JAN. 11, 1978 

^1 



TECHNOLOGY ENABLEMENT- POINTING AND CONTROL 

OBJECTIVES 




• IDENTIFY POINTING AND CONTRa TECHNOLOGICAL DEVELOPMENTS WHICH 
SIGNIFICANTLY ADVANCE FUTURE AUTOMATED MISSIONS 

• NEAR-EARTH, LUNAR, SOLAR AND PLANETARY MISSIONS 

• 1985 - 2000 TIME PERIOD 

• TO CONTRIBUTE TO THE ADVANCED PLANNING OF A MEANINGFUL AND FOCUSED 
TECHNaOGY PROGRAM IN POINTING AND CONTRa FOR AUTOMATED 
SPACECRAFT 



TECHNOLOGY ENABLEMENT - POINTING AND CONTROL 

RATIONALE 


PUNNING OF AN EFFECTIVE TECHNOLOGY READINESS PROGRAM DEPENDS 
ON A SOLID UNDERSTANDING OF THE DRIVER MISSION/TECHNaOGY 
REQUIREMENT REUTIONSHIPS 


POINTING AND CONTRa TECHNaOGY Wia PUY A KEY ROU IN FUTURE 
AUTOMATED SPACECRAFT 

• INCRUSEO DATA 

• IMPROVED SCIENCE 

• LOWER COSTS 

• MISSION ENABLING 




TECHNOLOGY ENABLEMENT - POINTING AND CONTROL 

APPROACH 


• SELECT A REPRESENTATIVE NASA MISSION SET 

• IDENTIFY THE DRIVER MISSION REQUIREMENTS FOR POINTING AND 
CONTRa TECHNOLOGY 

• SYNTHESIZE CANDIDATE SYSTEMS FULFILLING THE DRIVER 
MISSION REQUIREMENTS 

• IDENTIFY THE ENABLING AND SIGNIFICANTLY ENHANCING TECHNOLOGIES 
REQUIRED OF THE CANDIDATE SYSTEMS 

• IDENTIFY REQUIRED ITCHNOLOGY READINESS DATES 

• ESTABLISH PRIORITIES OF CANDIDATE TECHNOLOGIES BASED ON 
DRIVER MISSION NET BENEFITS 



TECHNOLOGY ENABLEMENT - POINTING AND CONTROL 



TECHNOLOGY FIELD 


AUTOMATED SYSTEMS 

• POINTING AND ARTICULATION CONTROL 

• RENDEZVOUS AND DOCKING 

• ORBITAL TRANSFER 

• STATIONKEEPING 

• AHITUDE STABILIZATION 

• FIGURE/ SHAPE CONTROL 


TECHNaOGIES 

• CONTROL CONCEPTS 

• ANALYTICAL TOaS FOR DYNAMICS 
INTERACTION 

• FAULT TOLERANT TECHNIQUES 

• REFERENCE SENSORS 

• ELECTRONIC CONTROLLERS 

• PLATFORMS 


• ACTUATORS 





TECHNOLOGY ENABLEMENT - POINTING AND CONTROL 

SCHEDULE MILESTONES 


MAJOR MILESTONES 

• STUDY STARTED 

• DETAILED STUDY PLAN 

• IDENTIFY DRIVER MISSION REQUIREMENTS 

• HEADQUARTERS REVIEW OF PROGRAM 
RECOMMENDATIONS AND PRIORITIES 


MONTH OF COMPLETION 
DEC 1977 
JAN 1978 
MAR 
JUNE 


• FINAL REPORT 


SEPT 



TECHNOLOGY ENABLEMENT - POINTING AND CONTROL 

STATUS 


DETAIL PROGRAM PLAN HAS BEEN COMPLETED AND REVIEWED AT NASA 
HEADQUARTERS 

CURRENT EFFORT IS DIRECTED TOWARD IDENTIFYING THE DRIVER MISSIONS 


CENTER CONTACTS BEING ESTABLISHED 



Report No. 78-003 
Contract No. NAS8-32047 


PAYLOAD SOFTWARE TECHNOLOGY 
ANNUAL REVIEW 


January 10, 1978 


*^‘^5/OMPUTIN0, INC. 


PAYLOAD SOFTirAR? TCCIINOLOOY STUDY 
FUNCTIONAL FLOtf 


input catfooh y 


.ANALYSIS PflOCrSS 


INTFIlMrOIATF PRODUCTS 


OUTPUT 



FXPI^IMFNT 
ANALYSIS SlfFFTS 

SOFTWARE FUNCTION 

PAYLOAD SOFTWARE 
CHARACTERIZATION 
AND SIZING 


TECUNULOGY 
EMPHASIS AREAS 

SOFTWARE tech- 
nology DRIVERS 

SOFTWARE TECH- 
NOLOGY ITEMS. 


C06T/TIME/PRI0RITY 

ASSESSMENT 

SOFTWARE TECH- 
NOLOGY 

development 

PLANS 
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PAYLOAD SOFTWARE TECHNOLOGY 


CURRENT STATUS. 

MID-TERM REPORT RELEASED (DECEMBER 1976). 

PAYLOAD SOFTWARE TECHNOLOGY PLAN RELEASED (JUNE 22. I977|. 

STS SORTIE PAYLOAD SOFTWARE TECHNOLOGY COMPLETED (JULY I. 1977). 
SPACE1.AB MISSION ASSESSMENT COMPLETED (AUGUST 26, 1977). 

PAYLOAD ELEMENT ANALYSIS SHEETS REVISED AND UPDATED 
GROUND-BASED SOFTWARE ASSESSMENT IN PROCESS, 

FINAL REPORT ON SCHEDULE. 

REMAINING ACTIVITY. 

PUBLICATION OF FINAL REPORT. 

"FREE-FLYER" ASSESSMENT. 

SUCCESSFUL COMPLETION OF THIS TASK WILL REOUIR!' A MINIMUM 
OF ONE DATA GATHERING TRIP TO GODDARD SPACE FLIGHT CENTER. 



pAvujAn s^iFTWAne reciitioixKiy 

AHAL.YSIS F1X>W 


I'hClINtiU^lY 

K/nti;As»a Ttciirici^jay 






PAYLOAD SOFTWARE TECHNOLOGY 
TECHNOLOGY EMPHASIS AREAS 

o SOFTWARE DEVEIX)PMENT TECHNOLOGY. 

COST/TIME REDUCTION METHODS. 

SOFTWARE RELIABILITV. 

COST/PERFORMANCE EVALUATION. 
SOFTWARE/HARDWARE STANDARDIZATION. 

o SOFTWARE SYSTEMS ARCHITECTURE. 

FUNCTIONAL DISTRIBUTION OF PROCESSING. 
FAULT TOLERANT SYSTEMS. 

INTELLIGENT INSTRUMENTS. 
nUMAN/SYSTEM INTERFACING. 

♦- UTILIZATION OF HIGH-RATE DATA PROCESSORS. 
*- DATA DISTRIBUTION/SHARING NETWORKS. 

♦ - VERY LARGE DATA BASE MANAGEMENT. 

MULTIDIMENSIONAL DATA BASE SYSTEMS. 

o SOFTWARE APPLICATION TECHNOIUDGY. 

IMAGE RECOGNITION PROCESSING. 

DATA COMPRESSION. 

AUTOMATED INTELLIGENCE. 

*- AUTOMATION OF GROUND SUPPORT FUNCTIONS. 


-tNOT ADDRt:SSED IN ONBOARD SOFTWARE STUDY 



PAYLOAD SOFTWARE TECHNOLOGY 


PRIME DRIVING CHARACTERISTICS 



o Navigation o Long Life o Data Rate o Pointing o Bandwidth 

o Tracking o Heavy Proceaaing o Data Volume o Data Volume o Power 

o UandwidthAPower o Data Volume o Stability o Pointing 

o Long Life o Algorithms o Data Distribution o Long Life 

o Antennas 
o Reliability 



o Tracking o Pointing o Attitude Control o Timeline 

o Stability o Data Rates o Stability o Data Distribution 

u I.ong Life o Stability o Large Structures 

o Reliability o Environment o ECLS 

Control 

o Bandwidth for data down link is not a problem, 

o Data compreasion/dccompression is not a driver. 

o Data tranafer/diatribution is a ground network problem. 

o Image processing and classification is receiving ample support and requires 

,1. . no forcing to achieve NASA goals. 

O o Geometric correction requires no special consideration. 











PAYLOAD SOFTWARE TECHNOLOGY 
TECHNOLOGY DRIVER SUMMARY 


SOFTWARE DEVELOPMENT. 

SOFTWARE DESIGN ENGINEERING. 

TREND TOWARD S/W DEVELOPMENT BY NON -PROGRAMMERS. 
FAULT-FREE SOFTWARE. 

APPLICATION ORIENTED 1.ANGUAGE DESIGN METHODOLOGY. 
LOW-COST DEVEIX)PMENT OF AOL COMPILERS. 

SOFTWARE SYSTEMS ARCHITECTURE. 

(DISTRIBUTED) SYSTEM PARTITIONING /INTERCONNECTION 
TECHNIQUES. 

VERY LARGE STORAGE ACCESS SIMPUFI CATION. 

SOFTWARE FAULT (OWN OR INDUCED) DETECTION. 

SOFTWARE RECOVERY (AFTER FAULT DETECTION). 
HIGH-SPEED BUFFERING TECHNIQUES. 

DESIGN AND CONTROL OF ADAPTIVE SOFTWARE PROCEDURES. 
USE OF "NATURAL" COMMUNICATION METHODS. 

EFFICIENT LARGE ARRAY SEARCH AND SORT PROCEDURES. 
PARALLEL PROCESSING TECHNIQUES. 

EFFICIENT LARGE ARRAY MANIPULATION PROCEDURES. 



PAYLOAD son 
TECHNOLOGY DRIVER 
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IMPACTS n» NATUHAl. communication METHODS ON NASA PAVIAMD SYSTEMS 
ADAPTIVE SEARCH AND SORT l*ROCCnilRES 

RESTRIICTUREII IMAGE ANAI.VSIS SOFTWARE FOR PARAMXI. l•nOCES5INU 
ol TIMAI. IAH4IE ARRAY PAR TITIONING PROCEDURES 

CIASSIEICATHINOE ERROR MECHANISMS 

- ■ . * 1 

GUIDEIJHES EON Di:SKiN DOCUMENTATION CONSISTENCY 
MIETWARE PROTOTYPING METHODS 


SOETWARE TlXDNOMMiY MONITUIUNG 



























PAYLOAD SOFTWARE TECHNOLOGY 
TOP PRIORITY TECHNOLOGY ITEMS 


o 


o 


o 


Tf-01 REQUIREMENTS DECOMPOSITION AND STRUCTURING GUIDELINES. 

TI-08 INTERFACE CRITERIA FOR NASA DISTRIBUTED PROCESSOR 
EINVIRONMENTS. 

TI-09 TASK CONTROL STRUCTURES FOR DISTRIBUTED PROCESSOR 
ENVIRONMENTS. 

TI-10 PROGRAM ORGANIZATION METHODS FOR REAL-TIME FAULT 
RECOVERY. 

TI-15 RESTRUCTURED IMAGE ANALYSIS SOFTWARE FOR PARALLEL 
PROCESSING. 

TI-17 CLASSIFICATION OF ERROR MECHANISMS. 

TI-20 SOFTWARE TECHNOLOGY MONITORING. 
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PAY1X5AD SOFTWARE TECHNO UDGY 
SPACE LAB MISSION 1 
SOFTWARE TECHNOLOGY POTENTIAL 


DEVELOP PASSIVE SOFTWARE PACKAGES TO DEMONSTRATE AND 
EXPAND ON -BOARD SOFTWARE POTENTIAL TO STS USERS. 






PAYLOAD SOFTWARE TECHNOLOGY 
GROUND SOFTWARE ASSESSMENT 


TECIfNQLOGY DRIVERS 

o DATA DISTRIBUTION THROUGH GROUND NETWORKS. 

o IDENTIFICATION. PROCESSING, PROTECTION AND CONTROL OF 
SENSITIVE, HIGH RESOLUTION DATA. 

o STORAGE/RETRIEVAL OF ARCHIVAL DATA. 

o PRIORITY. SELECTION. AND SCHEDULING OF TARGETS FOR 
ULTRA -HIGH RESOLUTION IMAGERS. 

o S/W DEVELOPMENT SCHEDULE, COST, AND PERFORMANCE. 

o DEVELOPMENT /SUPPORT OF LOW -COST USER TERMINAL NETWORKS 

AND PROCESSING SYSTEMS. 

o INTEGRATION OF REMOTELY SENSED DATA INTO EXISTING LARGE 

SCALE DATA SYSTEMS. 



PAYLOAD SOFTWARE TECHNOLOGY 
GROUND-BASED SOFTWARE TECHNOIX)GY ITEMS 


PARALLEL PREPROCESSING AND DISTRIBUTION. 

ONBOARD RADIOMETRIC CORRECTION. 

ONBOARD QUAUTY ASSESSMENT. 

CHANGE DETECTION. 

LOW-COST GROUND SYSTEM SOFTWARE. 

EARTH MODEL DATA BANK. 

RESOLUTION LEVELS, 

SPECTRAL BANDS. 

TEMPORAL BANDS. 

SECURITY /CONTROL OF HIGH-RESOLUTION DATA. 

STORAGE AND RETRIEVAL TECHNIQUES. 

INTEGRATION OF NEW DATA FORMS INTO EXISTING DATA SYSTEMS. 

WEATHER. 

CROP FORECASTING. 

SOFTWARE DEVELOPMENT /ENGINEERING. 

NARRATIVE DESIGN. 

DESK-TOP DEVELOPMENT SYSTEMS. 

HIGH-LEVEL PROTOTYPING TECHNIQUES. 



PAYLOAU SOFTWARF TECHNOLOGY 
SOFTWARE TECHNOLOGY DEVELOPMENT PLAN 


SECTION 1 - INTRODUCTION - This aecUon describes the purpose of this plan, the 
scope of the plan, and the manner In which the plan Is organised. 

SECTION II - SUMMARY - This section la an executive summary of the Software 
Technology Development Plan and Its derivation. 

SECTION 111 - DESCRIPTION OF SOFTWARE TECHNOLOGY ITEMS - This section 
is (he description and planned approach to each of the Software Technology Development 
studies selected. 

3. 1 Item TI-01 

s 

m 

S 

3. n Item Tl-n 

APPE’NDIX A - Technology Driver Derivation. 

APPENDIX 13 - Software Technology Item Derivation Worksheets. 

Al^PENDlX C - Cost/Time/Prlorlty Assessment. 



PAYLOAD SOFTWARE TECHNOLOGY 
FINAL REPORT OUTLINE 


VOLUME I - FINAL REPORT 

I. INTRODUCTION. 

II. EXECUTIVE SUMMARY. 

III. TECHNOLOGY FORECAST REVIEW. 

IV. STS SORTIE PAYLOAD SOFTWARE TECHNO IXDGY ANALYSIS. 

4. I EXPERIMENT ANALYSIS. 

4.2 TECHNOLOGY DRIVER SELECTION. 

4.3 TECHNOIXJGY DRIVER ANALYSIS. 

4.4 TECHNOlX)GY ITEM SELECTION. 

4.5 COST /TIME /PRIORITY ASSESSMENT. 

4.6 TECIINOIXTJGY DEVELOPMENT ANALYSIS/PLAN, 

V. SPACELAD MISSION I SOFTWARE ASSESSMENT. 

5. 1-5.6 (SAME AS SECTION IV). 

VI. GROUND-BASED SOFTWARE ASSESSMENT. 

6. 1-6.6 (SAME AS SECTION IV). 

VII. APPENDICES A - I. 

(SEE PREVIOUS PRESENTATION CHART.) 

VOLUME U - FINAL REPORT APPENDIX B ( PAYLOAD/SYSTEM ANALYSIS SHEETS). 
VOLUME III - PAYLOAD SOFTWARE TECHNOLOGY DEVELOPMENT PLANS. 



PAYLOAD SOrrWAlUB TECIMOLOOT 



2 . a&ISOU CORRCCYlOtL OUALITV A8SC85MCNT« TAKDET SELECTION 

3. SfcCIJBITY AMD COMTflOL OF faGfl-RCSOlAITiON DATA 

4. T A nnLT MODEL DATA BANK 
i l-OW-COST USER SYSTEMS 

ALL. SCiFYWARE DCVEf/JPMErrT AND ENGINEERINO COST REDUCTION 




PAYLOAD DATA SYSTEMS NEW TECHNOLOGY DEOUIREHENTS 

RTOP PRESENTATION 
JANUARY 1978 

» 

OAST SPACE SYSTEMS STUDIES REVIEW 


ROY STOKES/JSC PM 
Presented Byi 

L. C. KRCHNAK/JSC AT2 
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MNTENTS 

• OBJECTIVES 

I 

• APPROACH 

• METHODOLOGY 

• PHASE ONE DESCRIPTION 

• PHASE TWO DESCRIPTION 

• PRESENT RESULTS OF PHASE III 

• OVERVIEW 

• PAYLOAD ANALYSIS 

« DATA SYSTEM ANALYSIS AND NEW TECHNOLOGY 


• SUMMARY AND CONCLUSIONS 
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OBJECTIVES 

» 

DETERMINE THE DEPENDENCY OF THE SHUTTLE PAYLOAD DATA SYSTEM 
REQUIREMENTS UPON SCIENTIFIC OBJECTIVES (INCLUDING USER 
PRODUCTS), PAYLOAD CHARACTERISTICS, AND PAYLOAD OPERATIONAL 
PROCEDURES. IDENTIFY AND RANK BY REUTIVE POTENTIAL, AREAS OF 
NEW DATA SYSTEM TECHNOLOGY WHICH CONTRIBUTE TO THE EXPEDIENCY 1 

I 

OF THE DATA SYSTEM AND/OR REDUCE THE OVERALL CAPITALIZATION ' • 
AND OPERATION COST (LIFE CYCLE COST) OF THE DATA SYSTEM. 



*oS»' 


APPROACH 


• DRIVER PAYUOADS/PAYLOAD GROUPINGS 

• REDUCTION OF PAYLOADS/PAYLOAD GROUPINGS TO A MANAGEABLE LEVEL 

• END-TO-END SYSTEMS ANALYSIS 

• TO DETERMINE THE IMPACT OF VARIOUS PAYLOAD DEVELOPMENT PHASES ON A ‘ 
SPECIFIC PAYLOAD DATA SYSTEM SUPPORT FUNCTIONj E.G.. THE IMPACT OF 
SENSOR DESIGN AND/OR OPERATIONS ON THE DATA PROCESSING SYSTEM 

• TO DETERMINE THE DATA SYSTEM SUPPORT REQUIRED FOR ALL THE PAYLOAD 
DEVELOPMENT PHASES; E.6., DEVELOPMENT PHASES SUCH AS MISSION PLANNING. 
OPERATIONS. TRAINING. AND DATA PROCESSING 

• TO DETERMINE THE DATA SYSTEM HARDWARE AND SOFTWARE TRADEOFFS REQUIRED 
TO SUPPORT THE VARIOUS PAYLOAD DATA SYSTEM REQUIREMENTS (E.6.. HARDWARE 
DRIVING SORWARE AND VICE VERSA) 

t SENSITIVITY ANALYSIS 

• SENSITIVITY OF DATA SYSTEM LIMITATIONS TO STATE-OF-THE-ART ADVANCEMENT. 
TECHNOLOGY COSTS. AND PAYLOAD OBJECTIVES 

• RISK ANALYSIS 

t GAUGE RISK FACTOR IN BOTH CREATION AND PREDICTED AVAILABILITY OF 
TECHNOLOGY 



METHODOLOGY 


THREE PHASES 
t PHASE ONE 

DEVELOP A PAYLOAD MODEL FROM WHICH DRIVER PAYLOADS 
ARE TO BE SELECTED 

* PHASE TWO 

RANKING PROCESS TO SELECT POSSIBLE DRIVER PAYLOADS/ 
PAYLOAD GROUPINGS 

• PHASE THREE 

TOP LEVEL DATA SYSTEM CONFIGURATION AND EVALUATION 
OF PHASE TWO DRIVERS ~ IDENTIFY AND RANK DATA 
SYSTEM TECHNOLOGY LIMITATIONS 
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FUNDING 

0 I TPM DEVELOPMENT 
0 II SELECTION OF PAYLOAD DRIVERS 

0 III PAYLOAOS/OATA SYSTEMS ANALYSIS 
RTOP 790-40-15 




JAN-OEC 1976 $160 

IBM AND FORD 
AfROSPACE 

JAN-OCT 1977 $ 90 

IBM ONLY 
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PHASE ONE 

TECHNOLOGY PAYLOAD MODEL (TPM) DEVELOPMENT 


• GOAL 

• DEVELOP A PAYLOAD MODEL THAT WOULD REASONABLY REPRESENT THE 
TOTAL SPECTRUM OF PAYLOADS THAT COULD FLY BETWEEN THE YEARS 
1981 AND 1991. 

f PROCESS 

• REVIEW ALL EXISTING PAYLOAD MODELS 

• REVIEW SPECIAL STUDIES (I.E., "OUTLOOK FOR SPACE/ AND THE 
"AEROSPACE" REPORT) 

f ACCUMUUTE A LIST OF PAYLOADS WITH TRAFFIC RATES INTO ONE 
TOTAL MODEL-TPM 


io 
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PHASE TWO 

SELECTIOfj OF DRIVER PAYLOADS . 

• GOALS 

• CURSORILY EXAMINE AND REDUCE THE 150 TPM PAYLOATS/PAYLOAD GROUPINGS 
TO A MANAGEABLE LEVEL 

• IDENTIFY GENERALLY THE SUSPECTED AREAS OF DATA SYSTEM TECHNOLOGY 
LIMITATIONS 

• PROCESS 

• RANK ALL PAYLOADS IN EACH SCIENTIFIC DISCIPLINE AGAINST SPECIFIC CRITERIA 

• CRITERIA EXAMPLES 

• DATA ANALYSIS 

• OPERATIONS 

0 QUALITY ASSURANCE 

• RANKING CONSIDERATIONS 

• COST FOR EACH CRITERIA 

• NEED FOR EACH CRITERIA 

0 DATA RATE AND DATA VOLUME REQUIREMENTS FOR EACH PAYLOAD/PAYLOAD 
GROUPING - RANKING WEIGHT 

• SELECT HIGHEST RANKED PAYLOADS IN EACH SCIENTIFIC:DISCIPLINE 

0 26 PAYLOADS i 



DRIVER PAYLOADS ANALYZED FOR NEW DATA SYSTEM TECHNOLOGY 


PAYLOAD 


LANDSAT/SEASAT PROGRAMS 

GLOBAL EARTH AND OCEAN MONITORING SYSTEM 

LUNAR ORBITER 

'PLANETARY IMAGERY ORBITERS 
CRYOGENICALLY COOLED IR TELESCOPE-FREE FLYING 
•LARGE SOLAR OBSERVATORY 
COSMIC RAY LABORATORY 
LARGE HIGH ENERGY OBSERVATORY - B • 

URGE X-RAY TELESCOPE 

MICROCHANNEL SPECTROMETER 

DEDICATED ASTRONOMY SORTIE 

DEEP SKY ULTRAVIOLET SURVEY TELESCOPE (DUST) 

MODIFIED ASTRONOMY SORTIE 

VERY LONG BASELINE INTERFEROMETER (VLBI) 

EARTH VIEWING APPLICATIONS UBORATORY (EVAL'.i • 
SOUR SORTIE 

ATMOSPH, MA6NET0SPH & PLASMAS IN SPACE (AMPS) 

HIGH ENERGY ASTROPHSICS SORTIE 

SOLAR POWER STATION (SPS) PROTOTYPE DEVELOPMENT * 

SOUR POWER SPACE TEST ACTIVITY 

PLANETARY SAMPLE RETURN 

COMMERCIAL PROCESSING-CREW OPERATED 

"LONG TERM" BIOLOGICAL MATERIALS RESEARCH 

SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE (SETI) 

12-PERSON SPACE STATION IN SEO 

DISEASE PROCESSES RESEARCH 
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PHASE THREE • 
RESULTS 
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PHASE THREE TASK OVERVIEW 


• PAYLOADS ANALYSIS 

• DATA GATHERING ANU INTERPRETATION FOR 26 PAYLOADS 

• DETERMINATION OF DATA SYSTEM. FUNCTIONAL REQUIREMENTS 
FOR EACH PAYLOAD 

• DATA SYSTEM ANALYSIS 

• EVALUATION OF PAYLOAD DATA SYSTEM FUNCTIONAL REQUIREMENTS 
f SUMMARY OF DATA SYSTEM STATE-OF-THE-ART AND PROJECTIONS 

Q IDENTIFICATION AND RANKING OF NEW TECHNOLOGY AREAS 





PAYLOAD DESCRIPTION GUIDELINES 




9 ADOPT DRIVER CONFIGURATION REPRESENTATIVE OF CUSS 
0 ASSUME MAXIMAL RULISTIC OPERATION 
0 PROJECT PAYLOAD TECHNOLOGY TO USE DATE 
0 TRADE-OFF ONBOARD/GROUND FUNCTIONS 

0 UTILIZE INPUT-PROCESS-OUTPUT FORMAT FOR FUNaiONAL REQUIREMENTS 
0 UTILIZE SYSTEM COMMONALITIES ACROSS PAYLOAD SPECTRUM 
0 ACCOUNT FOR ALTERNATIVE TECHNOLOGICAL SOLUTIONS 




. • ; 'r- 

- OWGINAE PAGE IS 

OP POOR QUALITY 




































NEW TECHNOLOGY 

0 mSSION ENABLING 
• mSSION ENHANCING 





Tabl* 3: ' Technology v«. Payload Smary 


§llf9INAL PAGE Ib 

0i«‘ Poor quality 
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SUMHARY AND CONCLUSIONS 
• * 
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SUMMARY AND CONCLUSIONS 


« GENERAL DRIVER PAYLOAD TECHNOLOGY REQUIREMENTS 

• 

* LARGE PROGRAMS REOUIRE TECHNOLOGICAL IMPROVEMENTS. . 

* STRUCTURES, PROPULSION, ETC., TECHNOLOGY ORIENTED PAYLOADS TEND TO REQUIRE 
LESS DATA SYSTEM TECHNOLOGY THAN LARGE INFORMATION ORIENTED PAYLOADS 
(LANDSAT/SEASAT, GLOBAL EARTH AND OCEAN MONITORING SYSTEM, ETC.). 

* REQUIREMENT FOR EFFICIENT END-TO-END DATA BASE MANAGEMENT SYSTEMS, 
a SPACE QUALIFIED MICROPROCESSORS, HIGH DENSITY MASS STORAGE SYSTEMS, 

AND STANDARDIZED HARDWARE INTERFACES ARE ESSENTIAL TO HOST FREE-FLYERS 
AND ALL SPACELAB-TYPE PAYLOADS. 

a PROCEDURE-ORIENTED HIGH LEVEL UNGUAGE DEVELOPMENT AND SOFTWARE SUPPORT TO 
MICROPROCESSORS ARE REQUIRED FOR ALL PAYLOADS. j 

a ROBOTIC SYSTEM DESIGN, ROBOTIC SOFTWARE DEVELOPMENT, AND SIMULATION 
TECHNIQUES ARE THE DRIVING TECHNOLOGIES FOR THE PLANETARY SAMPLE RETURN 
MISSION. 

a A/D CONVERTER IS A HIGH RISK ENABLING TECHNOLOGY FOR THE SETI PROJECT, 
a MASSIVELY PARALLEL PROCESSORS APPEAR TO HAVE GREAT POTENTIAL IN MAKING 
FUTURE IMAGE PROCESSING REQUIREMENTS REALIZABLE-, 
a JOSEPHSON TUNNELING DEVICE COULD REVOLUTIONIZE ONBOARD REAL TIME SYSTEM 
DESIGN AND OPERATION. 
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SUMMARY AND CONCLUSIONS 
(CONTINUED) 




• NEW TECHNOLOGY RANKING 
• MOST SIGNIFICANT 

• SPACE QUALIFIED MICROPROCESSORS j 
f MASS STORAGE 

• SORWARE SUPPORT TO MICROPROCESSORS 

• PROCEDURE ORIENTED HIGH LEVEL LANGUAGE 

• HARDWARE INTERFACE STANDARDIZATION 
f LESS IMPORTANT THAN PREVIOUS GROUP 

t ONBOARD DATA RECORDER 
f COMMUNICATIONS LINKS 
e FAULT-TOLERAWT SYSTEM DESIGN . 

0 END-TO-EMD DATA BASE MANAGEICNT 

• INFORMATION INTEGRATION 
0 SOFTWARE STANDARDIZATION 

• SOFTWARE RELIABILITY 



SUHfWRY AND CONCLUSIONS 
(CONCLUDED) 


NEW TECHHOLOCY RANKING 

• LESS IMPORTANT THAN PREVIOUS GROUP - EXTENSION OF EXISTING TECHNOLOGY 

• DATA COHPRESSION/DECOMPRESSION 
« IMAGE PROCESSING ALGORITHMS 
« PATTERN RECOGNITION/CLASSIFICATION ALGORITHMS 
» SIHULATION/EHULATION TECHNIQUES 

• LESS IMPORTANT THAN ITEMS IN PREVIOUS GROUPS 

« DEDICATED SOFTWARE OPERATING SYSTEMS 
0 DATA NETWORKING SOFTWARE 
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SUPERCONDUCTING SENSORS IN SPACE 


• Feasibility Study by Cryogenics Division^ National 

Bureau of Standards 

• Completion: April 1978 Cost: $50K 35% Complete 

• Six Study Areas 

• Some Preliminary Results 

• 10 Kelvin Cryogenic Systems Required for all Applications 


NASA AMES 
SPOO-08-06 



SUPERCONDUCTING LOW FREQUENCY SENSORS 


APPLICATIONS 

Magnetic Field and Gradient Measurements 
Amplification 

Low Level Current and Voltage Measurements 
Small Displacement Measurements 
Small Angle Measurements 
Biological Measurements 

PRELIMINARY RESULTS 

SQUIDv (Superconducting Quantium Interference Device) — Most likely 
sensor 

I 

Development of high speed lock in amplifier required 


C 


NASA AMES 

SPDO-08-05 

JM:l-ll-78 
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SUPERCONDUCTING :iICi; FIELD MAGNEFS 


APPLICATIONS 


Particle Physics 
Energy Storage 

Energy Conversion: Generators 

Fusion - HHD 

Propulsion 

Medical Applications 
Industrial Applications 


PREl.IMINARY RESULTS 

Development required for higher critical current density materials 


NASA AHES 

SPDO-08-04 

JM;l-n-78 



SUPERCONDUCTING DIGITAL ELECTRONICS AND COMPUTERS 

APPLICATIONS 

Signal Acquisition 
Analog-to-Digital Conversion 
Sample-and-Hold Circuits 
Signal Processing - Computer 

PRELIMINARY RESULTS 

At present level of development^ within 10-20 years> spacecraft 

COMPUTERS CAN HAVE CAPABILITIES IN EXCESS OF ANY. CURRENT 
ground based SYSTEM 


K 


NASA AMES 
SPDO-08-03 



SUPERCONDUCTING MICROWAVE & INFRARED SENSORS 


APPLICATIONS 

COMMJNICATIONS 

Radio and Infrared AsTRor w 

Universe Background Temperature Measurements 

PRELIMINARY RESULTS 

Large Technology Development Required Before Superconducting 
Sensors Can Compete With Conventional Detectors 




NASA AHES 

SPOO-08-02 

JM:1-11-78 
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SUPERCONDUCTING HIGH Q CAVITIES 


APPLICATIONS 

Gravitation Experiments - Red Shift, etc. 

Deep Space Navigation 
Ranging 

Small D.jPlacement Measurements 

PRELIMINARY RESULTS 

Superconducting Clocks - Most Likely Candidate for Significant 
Gain in Capability (10^ Improvement Possible with Modest DeveliIpment) 




nasa-anes 

SPDO-08-01 



PRESENTATION TO OAST - CODE RX 
STUDY, ANALYSIS AND PLANNING OFFICE 



FINAL REPORT 

TECHNOLOGY ENABLEMENT-SPACE POWER SYSTEMS 

RTOP NO. 790-40-19 
FUNDING: $50K 


J. W. STEARNS 
JANUARY 11, 1978 



TECHNOLOGY ENABLEMENT - SPACE POWER 

AGENDA 


OBJECTIVES AND 
WORK PUN 



MISSION ESTIMATES 




TECHNOLOGY CANDIDATE 
IDENTIFICATION 

1 



TECHNOLOGY RECOMMENDATIONS 


ffi 






TECHNOLOGY ENABLEMENT - SPACE POWER 

OBJECTIVES 



• ASSESS LONG-LIFE SPACE POWER SYSTEM TECHNOLOGY NEEDS 
WITH EMPHASIS ON; 

• SHUmi UUNCH 

• MODERATE (UP TO KWI SCALE POWER NEEDS 

• AUTOMATED MISSIONS 

• DEFINE TECHNOLOGIES THAT SUPPORT POTENTIAL FUTURE MISSIONS 

• ENADLING 

• SIGNIFICANTLY ENHANCING 

• EVALUATE AND PRIORITIZE TECHNOLOGY CANDIDATES FOR 
PRESENTATION OF RESULTS 

• BENEFit/ COST/ RISK (B/C/RI ANALYSIS 

• OTHER DISCRIMINATORS 



■ TECHNOLOGY ENABLEMENT - SPACE POWER 

WORK PLAN 

SPACE POWER R&T 
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TECHNOLOGY ENABLEMENT - SPACE POWER 

SELECTED MISSIONS 

(LUNAR AND PLANETARY) 



MISSION 

RECON- 

NAISSANCE 

EXPLORATION 

INTENSIVE STUDY 

UTILIZATION 

LUNAR AND 

INNER 

PLANETS 

1900-1982 

VENUS 

1984-1990 
MERCURY ORBIT 

1905-2000 
LUNAR POLAR ORBIT 

1992-2000 
LUNAR BASE^ 



MARS PENE- 
TRATOR 

VENUS ORBIT/ 
LANDER 

LUNAR LABORATORY 

MARS ROVER AND 
SSR 

MERCURY ROVER 
AND SSR 





VENUS ROVER 
AND SSR 


OUTER 

PLANETS 

AND 

SOLAR 

ESCAPE 

1982-1988 

SATURN/ 

URANUS 

JUPITER/ 

NEPTUNE 

SOLAR 

ESCAPE 

1982-1998 
JUPITER ORBIT 
SATURN ORBIT 
PLUrO ORBIT 
ASTEROID SSR 

1993-1998 

ORBIT. LANDERS, 
ROVERS, SSR 
AT JUPITER, 
SATURN, URANUS, 
AND NEPTUNE 

1993-2000 

NUCLEAR WASTE 
DISPOSAL 


COMETS 

AND 

ASTEROIDS 

SOLAR ESCAPE 
COMET SR 




‘automated technology with manned systems. 




TECHNOLOGY ENABLEM 

SELECTED 

(LUNAR AND P 


R£CON‘ 


MISSION NAiSSANCE EXPLORATION 


LUNAR AND 

INNER 

PLANETS 


1980-1982 



1984-1990 
MERCURY ORBIT 



VENUS ORBIT/ 
LANDER • 




SPACE POWER 


INTENSIVE STUDY UTILIZATION 
1985-2000 1992-2000 



MERCURY ROVER 
AND SSR 

VENUS ROVER 
AND SSR 

1993-1998 1993-2000 


ORBIT, LANDERS, NUCLEAR WASTE 

ROVERS, SSR DISPOSAL 

AT JUPITER, 

SATURN, URANUS, 

AND NEPTUNE 



PROGRAMS 






TSTi 



TECHNOLOGY ENABLEMENT - SPACE POWER 

SELECTED MISSIONS 

(EARTH ORBIT AND SOLAR) 


RECON- 

MISSIOW NAISSANCE EXPLORATION INTENSIVE STUDY UTILIZATION 


EARTH 

ORBIT 

AND 

SOLAR 


) 


1979-1905 

SPACE TELE- 
SCOPE 

SOLAR MAX. 

SOLAR PROBE 

LANO/SEA 

OBSERVA- 

TIONS 

HIGH 

ENERGY 

OBSERVA- 

TIONS 

CLIMATE/ 

WEATHER 

COMMUNICA- 

TION 

RADIO 

ASTRONOMY 

EXTRA 

ECLIPTIC 


1984-1993 

LARGE TELESCOPE 

SOLAR OBSERVA- 
TORY 

SPACE LAB* 

EARTH SURVEY 

ATMOSPHERIC 

PHYSICS 

GRAVITY/ 

MAGNETICS 

LARGE.ANTENNAS 

POWER TRANS- 
MISSION 


1980 - 2000 *) 

EARTH RESOURCES 
EARTH OBSERVATIONS 
COMMUNICATIONS 
NAVIGATION 
CLIMATE/WEATHER 
SPACE POWER 
INDUSTRIALIZATION 
COLONIZATION 


^AUTOMATED TECHNOLOGY WITH MANNED SYSTEMS. 
•‘SEPARATE STUDIES BEING ACCOMPLISHED 
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TECHNOLOGY ENABLEMENT - SPACE POWER 

SELECTED MISSIONS 

(EARTH ORBIT AND SOLAR) 


RECON- — 

NAISSANCE EXPLORATION INTENSIVE STUDY UTILIZATION 


earth 

ORBIT 

AND 

SOLAR 


1979-1985 



SOLAR PROBE 


LAND/SEA 

OBSERVA- 

TIONS 



1984-1993 1980 - 2000 ** 



denotes mission covered by present programs 


“automated technology with manned systems, 
‘separate studies being accomplished 







TECHNOLOGY ENABLEMENT - SPACE POWER 

POTENTIAL DRIVER MISSIONS AND 
TECHNOLOGY CANDIDATES 



MISSION 
(LUNAR AND 
INNER PLANETS 1 

FEATURE DRIVING 
TIC TECHNOLOGY 

POWER TECHNOLOGY 
CANDIDATE 

CANDIDATE 

TYPE 

ISEE NOTEI 

POWER 

LEVEL 

(kWel 

MERCURY 

HIGH TEMPERATURE. 

HIGH TEMPERATURE COMPONENTS 

2 

1-5 

ORBITER ISEPI 

SOLAR CORONA 

ELECTROMAGNETIC SHIELDING. 



LANDER/ROVER/SSR 


LASER POWER BEAMING, 

1 -a 




RADIOISOTOPE THERMIONICS. 

1 -a 




ADVANCED RTG. 

1 -a 




THIN FILM Ga As 

1 -a 


VENUS 

HIGH TEMPERATURE. 

RADIOISOTOPE THERMIONICS, 

1 -a 

2-5 

(ANDER/ROVER/SSR 

HIGH PRESSURE. 

ADVANCED RTG. 

1 -a 


BUOYANT STATION 

CO„ ATMOSPHERE 

STIRLING REFRIGERATION, 

I b 




FUSED SALT BAHERIES 

2 


AUTOMATED lUNAR BASE 

LONG LUNAR NIGHT. 

NUCIEAR'EIECTRIC POWER. 

• 

-500 


POWER NETWORK 

LASER POWER BEAMING. 

1 - a 




THIN FILM Ga As. 

1 -a 




FLYWHEEL ENERGY STORAGE 

2 



noie: candidate type yEtmuiQM. 


I - a TECHNOLOGY READINESS WITH DIRECT POWER APPLICATION 

1 - b TECHNOLOGY READINESS WITH TANGENTIAL APPLICATION 

2 R AND T BASE 

p. * NO PROGRAM AUGMENTATION NEEDED 

Gi 














TECHNOLOGY ENABLEMENT - SPACE POWER 

POTENTIAL DRIVER MISSIONS AND 
TECHNOLOGY CANDIDATES 



MISSION 
(OUTER PLANETS 
AND SOLAR ESCAPEI 

FEATURE DRIVING 
THE TECIDIOLOGY 

POWER TECHNOLOGY 
CANDIDATE 

CANDIDATE 

TYPE 

ISEE NOTE) 

POWER 

LEVEL 

ikWel 

URANUS/NEPTUNE/ 

LONG RADIO DISTANCE. 

RADIOISOTOPE THERMIONICS. 

1 -a 

-0.5 

SOLAR ESCAPE ISEPI 

LONG ri IGIIT TIME 

ADVANCED RTG 

1 -a 


PLUTO ORB ITER/PROBE/ 

NEP INTERFACE, LONG 

NUCLEAR -EtfCTRIC POWER. 

• 

1-50 

SOLAR ESCAPE (NEPI 

RADIO DISTANCE 

RADIOISOTOPE THERMIONICS. 

1 -a 




ADVANCED RTG. 

1 -a 



• 

INDUCTIVE ENERGY STORAGE 

* 


NUCLEAR WASTE 

EARTH ORBIT LOGISTICS. 

NUCLEAR-ELECTRIC POWER. 

* 

1-20 

DISPOSAL INEPI 

NUCLEAR SAFETY. 

RADIATION HARO COMPONENTS. 

2 ■ 



RENDEZVOUS AND 
DOCKING 

INDUCTIVE ENERGY STORAGE 

* 


AUTOMATED PLANETARY 

EXTREME ENVIRONMENTS. 

NUCUAR-ELECTRIC POWER. 

♦ 


STATION 

JUPITER RADIATION. 

RADIATION HARD COMPONENTS. 

2 


ORBITAL MAPPERS. 

SATURN/URANUS RINGS, 

LASER POWER BEAMING. 

I -a 


PROCESSORS, BEAMING. 

NEPTUNE REMOTENESS. 

RADIOISOTOPE THERMIONICS. 

1 -a 


PROBES, PENETRATORS. 

RENDEZVOUS AND 

ADVANCED RTG. 

I -a 


(ANDERS. ROVERS, SSR 

DOCKING 

INDUCTIVE ENERGY STORAGE 

♦ 



NOTE: CANDIDATE TYPE 


OEFTNITION 


1 - a TECHNOLOGY READINESS WITH DIRECT POWER APPLICATION 

1 - b TECHNOLOGY READINESS WITH TANGENTIAL APPLICATION 

2 R AND T BASE 

• NO PROGRAM AUGMENTATION NEEDED 







TECHNOLOGY ENABLEMENT - SPACE POWER 

POTENTIAL DRIVER MISSIONS AND 
TECHNOLOGY CANDIDATES 


MISSION 
CARTH ORBIT 
AND SOLARI 

TEATURE DRIVING 
THE TECHNOLOGY 

POWER TECIWOLOCY 
CANDIDATE 

CANDIDATE 

TYPE 

(SEE NOTE) 

POWER 

LEVEL 

(kWe) 

SOLAR PROBE/ 

HIGH SOLAR IRRAOIANCE 

HIGH TEMPERATURE COMPONENTS 

2 

a 5-50 

ORBITER n.OI AUl 

1 14 MWI/m^l, SOLAR 

SYSTEM WITH ICAT SHIELD, 

1 a 



CORONA 

HEAT SHIELO/ICAT PIPES. 

1 -b 




EUCTROMAGNETIC SHIELDING. 

• 




STIRLING REFRIGERATION 

1 -b 


EARTH OBSERVATION 

CRYOGENIC COOLING 

STIRLING REFRIGERATION. 

1 -b 

1-10 

AND RADIO ASTRONOMY 

OF SENSORS 
no YRS. 2 W. 5®KI 

THIN FILM Gs As 

1 a 


ELECTRIC ORBIT 

PROTON BELT DWELL 

THIN FILM Gi« As. 

1 -a 

100-1.003 

TRANSTERVEIIICIE 

(MULTI -ROUND TRIPI 

RADIATION HARO COMPONENTS. 

2 




ELECTROMAGNETIC SHIELDING, 

• 




FI YWHEEL ENERGY STORAGE. 

2 




INDUCTIVE ENERGY STORAGE 

• 


SPACEI AB PROCESSING 

HIGH TEMPERATURE 

SOLAR FURNACE (-13 kWtl, 

1 -b 

REPLACES 


EURNACE O280QPK. 
6kWII 

TICRMIONIC BOTTOMING 

• 

50kWe 


NOIC; CANDIDAU TYPE 


DEFINITION 


lECIiNOlOGY READINESS WITH DIRECT POWER APPLICATION 


TECHNOLOGY READINESS WITH TANGENTIAL APPLICATION 


R AND T BASE 


NO PROGRAM AUGMENTATION NEEDED 


»- 

'/I 


I -a 

1 -U 

2 
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NEW TECHNOLOGY READINESS PROGRAM 


TECHNOLOGY CANDIDATE RECOMMENDATIONS 

(TECHNOLOGIES DIRECTLY APPLICABLE TO SPACE POWER NEEDS) 


PRIORITY 

CANDIDATE TECHNOLOGY 

FLIGHTS 

B/C 

RATIO 

QTY 

ENABLED 

FLIGHTS 

QTY 

ENHANCED 

FLIGHTS 

||||g|Q2^J||||i 

EARTH 

ORBIT 

POWER 

TERR. 

POWER 

1 

THIN FILMGa As 

1 

4 

>10 

>10 

YES 

YES 


PHOTOVOLTAICS 

4 

13 







7 

20 





2 

RADIOISOTOPE 


oo 

>2 

>10 




THERMIONIC GENERATOR 








OR ADVANCED RTG 







3 

SYSTEMS WITH HEAT 


oo 

>1 





SHIELD/HEAT PIPES 







4 

LASER POWER BEAMING 

1 

0.4 


5-10 

YES 




4 

u 







7 

1.4 














y . NEW TECHNOLOGY READINESS PROGRAM 

TECHNOLOGY CANDIDATE RECOMMENDATIONS 

(TECHNOLOGIES TANGENTIALLY APPLICABLE TO SPACE POWER NEEDS) 


PRIORITY 

CANDIDATE TECHNOLOGY 

FLIGHTS 

B/C 

RATIO 

QTY 

ENABliD 

FLIGHTS 

QTY 

ENHANaO 

FLIGHTS 

SPINOFF 

EARTH 

ORBjT 

POI/VLR 

TERR. 

POWER 

1 

SOLAR FURNACE 


OO 

1-3 


YES 

YES 


(REPUCES 50 kWe 








SUPPLYI 







2 

HEAT SHIELD/HEAT 


oo 

1-2 





PIPES 







3 

FIBER OPTICS CABLING 

1 

1.0 


>10 




(GS£ REQUIREMENT! 

4 

3.3 







7 

5.1 





4 

STIRLING REFRIGERATOR 

1 

0.4 


>10 

YES 



( 10 YEAR CRYOGENICSI 

4 

1.2 







7 

1.7 






K 

01 
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TECHNOLOGY ENABLEMENT - SPACE POWER 

R & T PROGRAM TECHNOLOGY 
CANDIDATE RECOMMENDATIONS 




TYPE 

APPLICATION 

COMPLEXITY 

PRIORITY 

CANDIDATE TECHNOLOGY 



NEAR 

FAR 


HIGH 

1 

PRIMARY FUSED SALT 
BATTERY (WITH 
INDIGENOUS 
MATERIALS) 

X 



X 

X 


2 

HIGH TEMP. POWER COM- 
PONENTS FOR INNER 
PLANET OPERATIONS 


X 

X 



X 

— — 1 - ■— y— 

3 

RAD. HARO. POWER COM- 
PONENTS FOR OPERATION 
IN OUTER-PLANET RADIATION 
BELTS 


X 

X 



X 

4 

•ELWHEEL ENERGY STORAGE 
FOR LONG LIFE, MANY DUTY 
CYCLES 


X 


1 


X 


• POTENTIAUY IMPORTANT TO LARGE POWER SYSTEMS 








DEFINITION OF TERMS USED IN THE 
TECHNOLOGY ENABLEMENT STUDY 



CJi 

CO 


PLANNING aEMENT 

DEFINITION 

SCLECrtO 
MISSION Mooa 

AN ALL-INCLUSIVE MISSION SET FOR MAXIMUM REASONABLE EXERCISE 
OF POWER SYSTEMS TECHNOLOGY CONCEPTS 

lECIINOLOGY 

READINESS 

PROGRAMS 

TECHNOLOGY DEVaOPMENT PROGRAMS THAT ARE TO HAVE DEMONSTRATED 
FLIGHT READINESS BY A SPECIFIED DATE (PART OF SPACE POWER R&T) 

R & T BASE 
PROGRAMS 

TECHNOLOGY STUDIES OF AN EXPLORATORY NATURE. INVESTIGATING 
BASIC PHENOMENA AND PRINCIPLES Of CONCEPTS HAVING POTENTIAL 
SPACE APPLICATIONS (PART OF SPACE POWER R&T) 

DRIVER 

MISSIONS 

POTENTIAL MISSIONS WHICH. IF THEY ARE TO BE ACCOMPLISHED. 
REQUIRE TECHNOLOGY ADVANCE 

NLW lECIINOLOGY 
CANDIDAIES 

TECHNOLOGY CONCEPTS THAT OFFER POTENTIAL FOR MEETING TECHNOLOGY 
NEEDS OF DRIVER MISSIONS 

BENEEIf/COST/RISK 
IB/C/R) ANALYSIS 

AN ANALYTICAL MANAGEMENT TOOL TO QUANTIZE THE VALUE OF A GIVEN 
TECHNOLOGY PROGRAM 

TECHNOLOGY 

CANDIDATE 

RANKING 

A PRIORITY LISTING OF TECHNOLOGY CANDIDATES ON THE BASIS OF 
B/C/R ANALYSIS AND OTHER MORE-SUBJECTIVE VALUES 
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TECHNOLOGY ENABLEMENT - SPACE POWER 

TECHNOLOGY ENABLEMENT MISSIONS 
PRINCIPAL DATA SOURCES 


• NASA PAYLOAD MODEL <HQ) 

• NASA 5- YEAR PLAN (HQ) 

• OUTLOOK FOR SPACE (HQ) 

• COMPLEX 1976 (JPLI 

• REPORT ON SPACE SCIENCE (NAS) 

• PAYLOAD DESCRIPTIONS (MSFC) 

• TECHNOLOGY PAYLOAD MODEL (JSC) 


• OUTSIDE USERS PAYLOAD MODEL(BMI) 

• OAST SPACE SYSTEMS TECHNOLOGY MOOa(GRC) 

• FUTURE STS ANALYSIS STUDY (BAC) 

• MMS SPACECRAFT PLAN (GSFC) 

• APSS AT JUPITER (GENERIC) (JPL) 

• PROBE & PENETRATOR STUDIES (ARC) 

• ADVANCED PUNNING STUDIES (AEROSPACE) 


• COMPOSITE NASA PAYLOAD MODEL (GDC) • UTILITY OF STS (HAC) 

• SURVEYING EARTH'S ENVIRONMENT (JPL) 



TECHNOLOGY ENABLEMENT - SPACE POWER 

PRESENT SPACE POWER 
TECHNOLOGY DEVELOPMENTS 

TECHNaOGY 

• POWER CONVERSION 

• LIGHTWEIGHT PHOTOVaTAICS 

• SELENIDE RTG (SIG) 

• DIPS /KIPS 

• THERMIONICS 

• SOLAR THERMOaECTRIC GENERATOR (STG) 

• ENERGY STORAGE 

• BAHERIES (NiCd, NIH, AgHI 

• FUEL CELLS 

• LITHIU/A BATTERIES 

• POWER PROCESSING AND MANAGEMENT 

• MODULAR REGULATORS 

• PULSED BAHERY CHARGERS 

• SOLID STATE SWITCHING AND PROTECTION 

• MULTI-PHASE INVERTERS 

• SPECIAL-PURPOSE TRANSFORMERS 

• MICROLOGIC /PROCESSOR 

• AUTOMATED POWER SYSTEMS MANAGEMENT 


READY DATE 


1980 

1980 

1981 
1990 

1982 

1980 
1978 
1982 

1978 

1978 

1982 

1978 

1977 

19/9 

1981 






TECHNOLOGY ENABLEMENT - SPACE POWER 

ONGOING SPACECRAFT SYSTEMS 
TECHNOLOGY PROGRAMS 


• ONGOING 

• JUPITER ORBITER/ PROBE (JPL/ARCI 

• VENUS ORBITER IMAGING RADAR IJPII 

• MULTIMISSION MODUUR SPACECRAFT (GSFCI 

• ION DRIVE (JPL/LeRCl 

• MARS PENETRATOR (ARCI 

• ATMOSPHERIC ENTRY PROBES (ARC) 

• PUNNED 

• MARS SURFACE SAMPLE RETURN (JPL) 



BENEFIT/COST/RISK ANALYSIS PROCESS 







TF.CHN0L06Y ENABLEMENT - SPACE POWER 

AREAS OF ANALYSIS FOR CONVERSION 
C- BENEFITS TO DOLLARS 


DIRECT BENEFITS 

• EQUIPMENT COST SAVINGS 

• LAUNCH COST SAVINGS 

• COST AVOIDANCE 

• STANDARDIZED DESIGN SAVINGS 


• INCREASED DATA 



SESSION 'M' 


MULTIP30GRAM TECHNOLOGY 


Advanced Automation Needs Analysis (E. Heer, JPL) 

DISCUSSION: JSC workshop will use results from the various 

space utilization studies and will also provide an opportunity 
for the workshop participants to assist the individuals working 
in space utilization in the areas of automation and machine 
intelligence. Point was made that NEEDS is the first step 
in automation to increase productivity per person. 

In addition, Stan Sadin discussed the anticipated new iiuitia- 
ti^'es for the next five years, one of which is automated 
operations . 

Technology Enablement - Multiple Requirements for Pointing 
and Control (W. Bachman, JPL) 

DISCUSSION: LSST pointing and control requirements were 

mentioned. 


Pavload Software Technology (P. Rose, M&S Comouting,- for 

J. Capps, MSEC) 

DISCUSSION: The "free flier" software study parr of the con- 

tract has just begu.n; contact will be made with GSFC for in- 
formation. In addition, it was suggested that J. Capps meet 
directly with D. Blanchard (GSFC) of the NEEDS project. It 
was also succested that JPL be contacted fcr information on 
DSN software. 

It was mentioned that this study complements the automation 
study. Mr. Rosa stared that it appeared that the primary 
driver found in this effort was soft'ware development. He 
suggested that a software experiment be proposed for Spacelab I. 


Payload Data Systems New Tachnclcg'/ Recuirem.ar.ts 




DISCUSSION: The only high risk technology item identif 

curing the study was the SCO Mbs A/'D converter for SETI 


surer! 


:cting Sensors in Sraca 


lurrnv, ARC; 


DISCUSSIC;<: '..rilluarion c" Josepr.sor. 

of future computer advances. 


3 1 .1 - 


ORIGINAL PAGE Ib 
OE POOR QUAUTY 
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Techno locy Snablar.sr.t - 3paca Power Systems IJ. Stearns, J?L) 

DISCUSw ON; The most important requirenert for space power 
appears to be radiation hardness, which points to develop- 
ments in thir film GaAs or similar technologies. D. Aviv 
stated that micrc-aves may be site competitive with laser 
power beaming to planetary probes, bat others disputed this. 
Stan Sadin made the point that value of present technology 
efforts should be included in studies so that "new stops" 
can be identified. Mr. Stearns mentioned that the final 
report on this study details candidate technologies examined. 


Discussion of FY 79 Plans in Multiprcgram Technclccy 


Stan Sadin mentioned that these are the "hardest” studies 
because they are so broad and require mission models. However, 
they are particularly useful to the divisions; for this 
reason., joint funding should be considered. J. Mullin comments 
that these type studies should be repeated periodically for 
each discipline to help identify high and low priority tech- 
nolcgias. He felt they are also valuable because rhey are 
an objective look at C.kST activities. 

The possibility of doing joint studies with OSTDS in end-to- 
er.d data systems, software technclocy, and oryogenios -.vas 
raised. It was pointed cut that the 


valuable in doing multiprocram te: 


technology mo, 
studies . 


iei wa 
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SECTION 6 
SESSION 'A' 

REVIEW OF APPLICATIONS STUDY PROGRAMS 



VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

PRESENTATION OVERVIEW 


• STUDY OBJECTIVES 

• GUIDELINES 

• PRODUCTS 


• STATUS 



VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

STUDY OBJECTIVES 



GENERAL • PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE ADVANCED 
DEVELOPMENT PROGRAM AND INSURING ITS RELEVANCE TO AGENCY 
NEEDS 


K** 

n 

c: 


JLW 



VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

STUDY OBJECTIVES 



GENERAL • PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE ADVANCED 
DEVELOPMENT PROGRAM AND INSURING ITS RELEVANCE TO AGENCY 
NEEDS 


K- 

C 



. VOIR/SEASAT FOLLOW-ON TECHNOLOGY 

l|ll - READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

STUDY OBJECTIVES (contd) 

SPECIFIC • PERFORM READINESS ASSESSMENT OF THE VOIR AND SEASAT-B MISSIONS 

• PROVIDES AN EVALUATION OF THE MATURITY AT PROJECT START 
AND RISKS OF UTILIZATION OF THE TECHNOLOGIES UPON WHICH 
USER-PROGRAM-OFFICE-OEVELOPED DESIGNS FOR THESE MISSIONS 
DEPEND 

• PROVIDES A COMPARISON OF THE MATURITY OF THESE TECHNOLOGIES 
WITH THE MATURITY OF THE TECHNOLOGIES AT PROJECT START OF 
PREVIOUS JPL MISSIONS TO PLACE IDENTIFIED RISKS IN HISTORICAL 
PERSPECTIVE 


• PERFORM BENEFITS ASSESSMENT FOR THE VOIR AND SEASAT FOLLOW-ON 
MISSIONS 

• IDENTIFIES, FOR MUTUAL OAST/USER PROGRAM OFFICE CONSIDERATION, 
POSSIBLE TECHNOLOGY ALTERNATIVES WHICH MAY REDUCE RISK FOR 
AND/OR ENHANCE THE USER -PROGRAM-OFFICE-DEVELOPED BASELINE 
DESIGNS 

• PROVIDES MEASURES OF THE INCREMENTAL BENEFITS. RISK. AND COST 
OF THESE ALTERNATIVES 


JLW 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

GUIDELINES 


AREA 

GUIDELINE 1 

VOIR 

• JPL FY 77 AND 78 PRE-PROJECT 
ACTIVITY SPONSORED BY 
NASA OSS/SL 

SEASAT-B 

SOURCE Of BASELINE MISSION 
AND SPACECRAFT DESCRIPTIONS 

• JPL FY 77 PRE-PROJECT 
ACTIVITY SPONSORED BY NASA 
OA 

SOURCE OF TuCHNOLOGY OPTIONS/ 
ALTERNATIVES 

• JPL (WITH EMPHASIS 1 

• INDUSTRY 

• GOVERNMENT (TO INCLUDE 
CONSIDERATION OF NASA- 
RELATED DOD TECHNOLOGIES 
IDENTIFIED BY THE 
AEROSPACE CORP IN AN 

FY 76 OAST/RX-SPONSORED 
STUDY*) 

(SAME AS VOIR) 

FMPHASIS OF TECHNOLOGY 
1 CPi IONS /ALTERNATIVES 

1 

• ALL SPACECRAFT 
ENCK.EERING SUBSYSTEMS 
(EMPHASIS ON OPTIONS 

might prove 

BENLl lv.., "OR support 
OF THE SYNTHEli- APERTURE 
RADAR (SARD 

• NO SCIENCE SUBSYSTEMS/ 
INSTRUMENTS 

• NO GROUND SUPPORT 
EQUI PMENT 

(SAME AS VOIR) 

♦ "TECHNOLOGY ASSESSMENT AND N 
CORPORATION. D.G. AVIV 

:W OPPORTUNITIES - STUDY 2.3". TH 

E AEROSPACE 



i < 
i 



VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

PRODUCTS+ 


('VOOI)fl 

nuf 

UESCRIPIlOfJ 

1 

lOfNriMf.AflOM Of 

IISF (» StJEiSYSIIfA COFA' ()E«NIS UIIIIZED IN (iSER 


DESIGN ffCHNOIOGY 
COMPOfJENIS 

F'RUGRAMOff ICE GENERA FED BASEIINE DESIGN 

? 

(OENimf AIHiN (if Iff IlfyjlOGY 

IISF (4 SIIBSYSFEM IECHNOHX,Y OPFIONS WHICH MAY 


OPtlONS 

REDUCE RISK AND/OR ENHANCE FHE BASEIINE MISSKFN 

3 

BASfllM lEf.HrXllOGY 

IDENIIflCAFIWJ OF COfAPfJNENF SFAFE Of PCVElfJPMfNF 


r.fVAPOfJENI /rj/MI-OfflNI OniON 

AI PROJECI SIARI (Al A SFANDARD 7 OEVElflPMENF 


SfAIf (Jf OEVflOt'MfNI 
ASSES', Mffif 

lEVEI SCAIE (FOR SCAIl . SEE APF'ENDIXl 

4 

BASlUftf FEOINOKK.Y 

(VAlilAIIONOE COMPfJf/fNI SAFlSfACIION Of 7 CONDITIOEJS 


COMPOE«EJ! /(.(yAl-fJfiENr OF'IION 

E'.SENIIAl FOR COMPOF«NF f 0/AMI FMENI 10 A PROjECF 


COWAFFMIEEF CONFJIFION ASSESSMEfJF 

AI low RISK IIOR CONDI IU)NS, SEE Af'PENDIXI 

5 

BASfllNE FlCFIftfjlOOY 

EVA 1 HA II ON (if COMPONENF RISK (HIGH, MEDIUM. lOW) 


r.FjMI'EMNI FCOMPOFFENf OI'IION 

IN HIE AREAS Of FFCHNOIOGY, ENGINEERING. PERSOfJTtfl. 


RISK ASSISSAVNI 

AND FOHfSEEABlE PROBUMS IFOR CRIIERIA. SEE APF'ENDIXl 

6 

FFCHNOlOf.Y F.WIURIIY 

CEjMPARISEjN Of FHE /.VUURIFY AI PROJECF SIARI. 


rOMPARISDN 

BASED ON FHE SCAU 01 PRODHCI 3, OF FHE FECHNOIOGIES 
(if WHICH IHE BASEIIM DESIGN IS COMPRISED Wllll Fill 
/.WFURIIY AF PROJECF SFARI Of Fl« FECHNf/IOGlES 
OF PREVIOUS JPl MISSKRFS 

1 

FFUIfFOlWY OPIlOfJ 

PRIORI ll/AIION Of IfCHNOlOGY OPFIONS BY FHE 


BEFJFm RAIIFU. 

UfGRlf 10 WHICH IMFY F'ROVIDE MISSION BENEIIFS 
It UFCRFASFD SCIENCE INfOR/AA IION 0UAN1I lY AND/OR 

OHAIIFY Af REOHCFO COSi 1 lOR IHE MISSION OF 
ItilERESf 

K 

OFVHOPFAfNF ( UOIMAM 

RICiy.VAFNDFD NFW INIIIAIIVES. INITIAtlVF AIIGFAENIAIIOfFS, 


Rff.O.WAlNOAIlONS 

AND/OR INI IIAIIVf F/F VI SIONS WHICH MAY Rl I)IJ( 1 RISK 10 AN 



ACCFPIAB 1 llVd FOR. ANI//OR 1 NMANCE . IIIF BASIKNF FAISSION 

' fOP AfMWMCM, '»a APHN!Jiy 



JL'// 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

STATUS 


PRODUCT 

'■.TATIJS / 
EXPEriF.D 
COMPLETION 
DA^E 

COMMENTS 

1 

COMPLETE 

ALL BASELINE COMPONENTS DEFINED IN OA -SPONSORED FY 77 PRE- 
PROJECT ACTIVITY AT JPL 

2 

IN PROGRESS/ 
IVLARCII 1978 

• KEY OPTIONS: ON-BOARD SAR PROCESSOR, UNIFIED DATA SYSTEM 

• INVESTIGATION OF NASA-RELATED DOD TECHNOLOGIES JUST BEGINNING 

• HEADQUARTERS REVIEW /AUGMENTATION OF PRESENT OPTIONS LIST IS 
REQUESTED IFOR LIST. SEE APPENDIX) 

3 

IN PROGRESS/ 
MARCH 1978 

BASELINE TECHNOLOGY COMPONENT STATE-OF- DEVELOPMENT ASSESSMENT 
NEARLY COMPLETE. OPTIONS ASSESSMENT ONGOING 

4 

IN PROGRESS/ 
MARCH 1978 

BASELINE COMPONENT COMMITMENT CONDITION ASSESSMENT NEARLY 
COMPLETE. OPTIONS ASSESSMENT ONGOING 

[i 

IN PROGRESS 
MARCH 1978 

BASELINE COMPONENT RISK ASSESSMENT NEARLY COMPLETE. OPTIONS 
ASSESSMENT ONGOING 

6 

IN PROGRESS/ 
JANUARY 1978 

TECHNOLOGY MATURITY COMPARISON NEARLY COMPLETE 

7 

IN PROGRESS/ 
FEBRUARY 1978 

IDENTI FI CAT ION /WEIGHTING OF CRITERIA FOR ASSIGNMENT OF 
OPTION BENEFIT RATINGS JUST UNDERWAY 

8 

IN PROGRESS/ 
APRIL 1978 

DEVELOPMENT PROGRAM RECOMMENDATIONS CURRENTLY EMERGING 


JLW 
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VOIR/SEASAT FOUOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOUOW-ON 


APPENDIX 



9^.1 


VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

APPENDIX CONTENT 



• STUDY APPROACH 

• PRODUCT 2 - TECHNOLOGY OPTIONS Ll^ 

• PRODUCT 3 CRITERIA - COMPONENT STATE-OF-DEVELOPMENT SCALE 

• PRODUCT 4 CRITERIA - CRITERIA FOR COMPONENT COMMITMENT TO A PROJECT 

• PRODUCT 5 CRITERIA - CRITERIA FOR COMPONENT RISK ASSESSMENT 


crr^LWE^ , , nr: 




VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

STUDY APPROACH 
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VOlR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

PRODUCT 2 - TECHNOLOGY OPTIONS LIST 


IICMNOIOCY UNIONS 



V,IJMIUISf.!PllNAIU »IVIA1CH_ 
“ ' ifio opMONS iDiNilruoi 


MAIIRIAIS R&r 
' iNOCPifUNS (OlNIlfllUl 


ilR(ILIU.TI R6I 
' • MHAr UNtD COMPOSIIf 
PROPUIANI TANKS 


SINSINS 4 OmCflUN R 8 T 
RlOOPriONS ir-NTITUOl 


T.UIl<ANa 4 CONIIWIRM 
~ (fli 8nw£SriUATIl)l 


DATA RltUUION 4 DISIRIB'JIIO N H4 T 
' •ON-BOARD SARIwAGL PHoClSSOR 

• DICIIALDAIA SYSIIMS lUNIfltO 
DATA SYSIIMI 

• DICilAl RADIO 

• Kii-BAND PMNAR AKi.AY ANUNNA 

• OlllfK 


giLMICAl I'ROPULSION R^ 

• f lOUR i Nf - iVyORA I INt RftRO - 
PROPULSION UCIINOIOGIIS 


llfCIMIC PHOPUISIW R^r 

'•uiciRic fROPuisiON 


MISSION 

APPLlCABIlllY 


SEASAT 

fOLlOVD 

ON 


ENCITXCRINC SUBSYSTEM 
APPIICABIIIIY 


VOIR 


-r 
o 

V:' 


g 


5 O 

-5 




Sol 


^8 


= o 


ml 


:3i 




SEASAT roil OW UN 


5 e 




8gi 

T= i £ 


. a 
o . 






^5 


fIJNOINC 

STATUS 


FUNOCCM 


ONFUNDEIR 


• LIASSITKD BY OAST SPACE R4I PROCRAMTDISC IPIINE OBJECTIVE, SOURCES INCLUDE "SR4E 
IH.IIWKOC^ PROGRAM AND SPECIFIC OBJECTIVES," CASE, EY 78; 'VOIR IW3 MISSION AND 
SYSflM SU)(jV."OCI 1778; "SEASAT -B OPTIONS PHASE fINAl REPORT," JUNE 197/ 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

PRODUCT 2 - TECHNOLOGY OPTIONS LIST (contd) 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

PRODUCT 3 CRITERIA - COMPONENT 
STATE-OF-DEVELOPMENT SCALE 


STATE-OF 

DEVELOPMENT 

LEVEL 

DEFINITION 

HARDWARE 

SOFTWARE 

1 

BASIC PRINCIPLES OBSERVED AND REPORTED 

BASIC THEORY DEVELOPED AND PUBLISHED 

2 

CONCEPTUAL DESIGN FORMUlATtD 

APPLICABILITY TO SPECIFIC PROBLEMS 
PROPOSED 

3 

CONCEPTUAL DESIGN SUBJECTED TO ANALYTICAL 
INVESTIGATION AND/OR EXPERIMENTAL TEST 

USED TO IDENTIFY PARTS OF EXISTING MlSSIO.'^j 
DESIGN 

4 

CRITICAL FUNCTION OR CHARACTERISTIC 
DEMONSTRATED (i.e., GROSS DESIGN FEASIBILITY 
ESTABLISHED) 

FAVORABLE COMPARISON WITH AVAILABlf 
MISSION RESULTS ATTAINED 

5 

PROTOTYPE /BREADBOARD SUCCESSFULLY TESTED 
(i.e., PERFORMANCE AND LIFETIME REQUIRED 
BY THE MISSION OF INTEREST DEMONSTRATED) 

IN THE RELEVAML, GROUND-SIMULATED ENVIRONMENT 

ANALYSES REQUIRED FOR REFERENCE FUTURE 
MISSION PERFORMED 

6 

ENGINEERING MODEL SUCCESSFULLY TESTED 

IN THE RELEVANT, GROUND-SIMULATED ENVIRONMENT 

DEMONSTRATION THAT ALL FUNCTIONS REQUIRED 
FOR REFERENCE FUTURE MISSION CAN BE PER- 
FORMED TO THE REQUIRED ACCURACY 

7 

ENGINEERiNG MODEL SUCCESSFULLY FLIGHT TESTED OR 
SUCCESSFULLY FLOWN IN THE SPACE ENVIRONMENT 

SOFTWARE USED IN SUPPORT OF AT LEAST 
ONE PREVIOUS MISSION 

'ABSTRACTED FROM CD CONVAIR RPT. No. CASD NA5-75 016, 'TUTURE PAYLOAD TECHNOLOGY 
REOlilREMENfS STUDY," JUNE 1975. 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

PRODUCT 3 CRITERIA - COMPONENT 
STATE-OF-DEVELOPMENT SCALE 


SlAll Of 
OEVf 1 Of^MFNI 
itvn 

OEflNITION 

HARDWARE ' 

SOnWARE 

1 

BASIC PRINCIPLES OBSERVED AND REPORIED 

BASIC THEORY DEVELOPED AND PUBLISHED 

? 

CONCEPIUAL DESIGN FORMULATED 

APPLICABILITY TO SPECIFIC PROBLEMS 
PROPOSED 

3 

CONCEPTUAL DESIGN SUBJECfED TO ANALYTICAL 
IfTVESTIGATION AND/OR EXPERIMENTAL TEST 

USED TO IDENTIFY PARTS OF EXISTING MISSION 
DESIGN 

4 

CRITICAL FUNCTION OR CHARACTERISTIC 
DEMONSTRATED li.e. . GROSS DESIGN FEASIBILITY 
ESTABLISHED) 

FAVOTTABLE. COMPARISON WITH AVAILABLE 
MISSION RESULTS ATTAINED 

5 

PROTOTYPE /BREADBOARD SUCCESSI ULLY TESTED 
li.e., PERFORMANCE AND LIFETIME REQUIRED 
BY THE MISSION OF INTEREST DEMONSTRATED) 

IN THE REL.7ANT, GROUND SIMULATED ENVIRONMENT 

ANALYSES REQUIRED FOR REFERENCE FUTURE 
MISSION PERFOR/VlED 

6 

FNGINEERING MODEL SUCCESSFULLY TESTED 

IN THE RELLVAiJT, GROUND-SIMULATED ENVIRONMENT 

DEMONSTRATION THAT ALL FUNCTIONS REQUIRED 
FOR REFERENCE FUTURE MISSION CAN BE PER- 
FORMED TO THE REQUIRED ACCURACY 

7 

ENGINEERING MODEL SUCCESSFULLY FLIGHT TESTED OR 
SUCCESSFULLY FLOWN IN THE SPACE ENVIRONMENT 

SOFTWARE USED IN SUPPORT OF AT LEAST 
ONE PREVIOUS MISSION 

■Afi'ilRACffD FROM GU CONVAIR RPI. No. CASD NA5'75 016, ’TUTURE PAYLOAD lECHNOLOGY 
R!OtJIRF..1FNIS 5IUDY," JONF 1975. 



VOIR/SEASAT FOUOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 

PRODUCT 4 CRITERIA - CRITERIA FOR COMPONENT 
COMMITMENT TO A PROJECT 


COMMITMENT 

CONDITION 

DEFINITION 

1. 

THE COMPONENT STATE OF DEVELOPMENT MUST CORRESPOND TO 
A LEVEE OF 5 OR HIGHER ON THE APPROPRIATE HARDWARE OR 
SOFTWARE COMPONENT STATE -OE-DEVELOPMENT SCALE 

2. 

THE COMPONENT MUST NOT PUCE REQUIREMENTS ON 
OTHER SUBSYSTEMS WHICH REQUIRE THEIR ADVANCEMENT 
BEYOND THE STATE-OF-THE-ART 

3. 

COMPONENT PIECE PARTS (OR THEIR EQUIVALENTS) MUST 
BE AVAIUBIE (AND REMAIN SO) AND MUST MEET PROJECT 
QUALITY REQUIREMENTS 

4. 

THERE MUST BE NO UNSOLVABLE PROBLEMS TO THE 
COMPONENT SURVIVING AND FUNCTIONING IN THE EXPECTED 
ENVIRONMENTS 

5. 

COMPONENT MASS. POWER, AND VOLUME ESTIMATES MUST 
BE COMPATIBLE WITH SYSTEM PERFORMANCE CAPABILITIES 

6. 

COMPONENT DEVELOPMENT COSTS AND SCHEDULE MUST BE 
CONSISTENT WITH THE PROJECT PUN AND ANTICIPATED 
RESOURCES 

7. 

COMPONENT MANUFACTURING REQUIREMENTS MUST NOT 
EXCEED INDUSTRY CAPABILITY IN QUALITY OR QUANTITY 




VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 2: SEASAT FOLLOW-ON 


PRODUCT 5 CRITERIA - CRITERIA FOR COMPONENT 

RISK ASSESSMENT 


ARIA 

IfVdS 01 RISK j 

UAV 

AAEOIUM 

HIGH 


IIUIMO'.OOY fXISIS AHi) HAS 

TECHNOlfJCY EXISTS ONIY AS A 

UCIINOEOGY DOES NOI EXISI AND 


DtMONSIRAIfR IMI PfRfORWHCI 

CONCEPTUAl DESIGN UNDERGOING 

MUSI BE DEVELOPED FROM BASIC 


ANB IlfUIMI RIOUIRIO BY IHf 

EVALUATION. CORRESPONDIfJC 10 

PRINUPIFS. CORRESPONDING 10 


MISSION Of IHKRfSI. COMKtS 
I'ONOINO 10 A SIAIf or OEVtIOP 
MfNf UVEI 01 S OK IIIOHfK. 

II VELS ? 4 

lEVU 1 

iitnrjuiocY 

IIUINOIOCY OPIIONS OR AllFR 

lECIINOlOGY OPIIONS OR AIIERNAIIVES 

lECHNOlOGY OPIIONS OR 


NATIVES EXIST. 

EXIST ONLY AS tOTECEPIIJAl DESIGNS 

AIIERNAIIVES DO NOI EXIST 


PARAIIEL TtCIINOlOOY UIVFIOP 

ANIICII’AIED RESOURCES AND SCHEDUII 

PARAIlEl lECHNOlOGY 


MINTS ARE MASIBIE WIIIIIN 

ARE MARGINAI TOR I'ARAllil lECHNOlOCY 

DEVEIOPMENIS ARE NOI TEASIBII. 


ANTICIPAIEO RESOIIRCTS AND 
SCIIETlUlf. 

OEVIIOPMENTS. 



PROblEM IS CfXAMOfJPIACE ANiJ 

PROBIEM IS SOMEWHAT NOVEi AND 

PROBLEM IS NOVEI. A 1 THOUGH 

(m.lNIIKINi. 

MAY BE SOIVED BY lltE API'IICA 

REOUIRES A DESIGN AE'PRE'ACH 

SOlUIlONS BASED ON EXISlINC 

HON or ANY ONT 01 A NUMBER Of 

SHOWING SOME INGENUIIY AND 

TECHNOLOGY DO EXISI, AND REOUIRES 


ROUTINE OISICN APPROACHES. 

CRfATIVIIV. 

A DESIGN APPROACH Of CONSIDERABLE 
INGENUIIY AND CREAIIVIIY. 


T'ERSONNEl WHO ARE CONSI TIERED 

PlRSTlNTEtl 01 IIIGHOUAIlEy, BUI 

PERSON: JEE Of UNKNOWN OR OUfSIlONABEE 


IXPEHTS IN IHEIR EIEIUS AND 

IIMI lED APPLICABIE EXPERIENCE. 

CAPAiHlITIES ARC AVAIIABU. 


WHO HAVE SUCCESSTUIIY 

ART AVAIIABti 


I'l RSUflUl 1 

SUPPORIEO SIMILAR PROJECTS 
ARE AVAIIABIE 

■ 



T.OMMIIfAENT Of ABOVE PERSONNEI 

PERSONNEI COM.MITMENI TO PROJECI 

PERSONNEL COMMIIMENE 10 PROJECI 


TO PKOlfCI TOP IIS OURAIIOfI 
WOUID BE lIRM 

IS CONDI I'ONAl. 

IS UNOnCRMINED. 


TNOUOH IS KNOWN TO 1 OKI SET All 

LNOUCM IS KNTJWN 10 FORESEE MOST 

NOI ENOUGH IS KNOWN 10 IORESEE 

MiRISIfABli 

I'RUlillMS 

MAJOR PROBIEMS AN!) ACCURAHIY 

MAJOR PROBIEMS AND ASSESS RISKS 

MAJOR PROBIEMS OR ASSESS RISKS 

ASSESS RISKS 

WITH SOTAE ACCURACY. 



rrjouoi! IS known io ioresee 

ENOUGH IS KNOWN TO EORESEE SOME 

NOI ENOUGH IS KNOWN 10 FORESEE 


MOST MITLOR P'’OBIEMS 

MINOR PROBIEMS 

MINOR PROBIEMS. 



TECHNOLOGY READINESS FOR A GLOBAL SERVICE MISSION 


OAST SPACE SYSTEMS REVIEW 

NASA HEADQUARTERS 
WASHINGTON. D.C. 

JANUARY 11-12, 1978 


W. RAY HOOK 

LANGLEY RESEARCH CENTER 
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TECHNOLOGY READINESS STUDY PLAN 


OBJECTIVE 

o TO IDENTIFY AND EVALUATE TECHNOLOGY ALTERNATIVES FOR A PLANNED AGENCY 
FLIGHT PROGRAM IN GLOBAL SERVICES 

TECHNIQU E 

o REVIEW PLANNED PROGRAM 

o SMALL INTERDISCIPLINARY TEAM WORKING WITH THE PRELIMINARY DESIGN 
TEAM 

o PROMISING SENSOR AND SUBSYSTEM AREAS SELECTED FOR ECONOMIC ASSESSMENT 
RESULTS 

o TECHNOLOGY ASSESSMENT AND UPDATED ART-SRT PLAN 



TECHNOLOGY READINESS ASSESSMENT 
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TECHNOLOGY READINESS STUDY ACTIVITY 


o ENVIRONMENTAL MONITORING SATELLITE - MISSION STUDIES UNDERWAY 

o EARTH RADIATION BUDGET SATELLITE - PROGRAM PLAN BEING DEVELOPED - 
THREE INSTRUMENT SETS: 
o TIROS 
o AEM 
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PUBLIC SERVICE PLATFORM 




BACKGROUND 

o PRELIMINARY SYSTEM DESIGN FOR A PUBLIC SERVICE 
COMMUNICATIONS TECHNOLOGY SATELLITE 
DEVELOPED AT GSFC IN 1977. 

o DESIGN WAS TECHNOLOGY CONSTRAINED - 
PRIMARILY FOR COST REASONS. 

OBJECTIVES 

o USE PSCTS CONSTRAINED DESIGN AS A BASELINE FOR 
DEVELOPMENT OF UNCONSTRAINED TECHNOLOGY 
CONCEPT. 

o USE CONCEPT TO IDENTIFY TECHNOLOGY DRIVERS 
FOR PUBLIC-SERVICE PLATFORMS IN ~1985 
TIME-FRAME. 






PSCTS CONCEPT - 
ANTENNA BEAM COVERAGE 



c 
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PUBLIC SERVICE PLATFORM 

O REVIEW REQUIREMENTS BASIS FOR PSCTS 
SYSTEM DESIGN CONCEPT. 

o EXTEND/EXTRAPOLATE CURRENT DESIGN 
CONCEPT TO "OPTIMIZE" CAPABILITIES. 

G IDENTIFY TECHNOLOGY REQUIREMENT 

OPTIONS FOR OPTIMIZED DESIGN CONCEPT. 

o EVALUATE IDENTIFIED TECHNOLOGIES FOR 
READINESS IN -1985 TIME-FRAME. 



ssr 


TECHNOLOGY READINESS 

Q IDENTIFY TECHNOLOGY ALTERNATIVES FOR MEETING MISSION 
REQUIREMENTS (OPTIONS, EXTRAPOLATION, ETC.) 

O EVALUATE INCREMENTAL BENEFIT TO MISSION FROM EACH 
TECHNOLOGY ALTERNATIVE (BENEFITS MAY LIE IN 
PERFORMANCE, RELIABILITY, COST, SYSTEM FLEXIBILITY, ETC.) 

O TO MAX. EXTENT POSSIBLE EXPRESS INCREMENTAL MISSION 
BENEFITS IN COMMON ($) TERMS. 

Q ASSESS COST AND RISK FOR EACH INCREMENTAL BENEFIT (E.G., 
COST - HIGH >2M, MED 0.5 - 2.0M, LOW <0.5M: RISK - 
FUNCTION OF FLIGHT DATE AND LEVEL OF DEMONSTRATION 
REACHED) 

O RECOMMEND TECHNOLOGY AREAS FOR R&D ON BASIS OF 
COST/BENEFIT EVALUATION. 



SCHEDULE, FUNDING, MANPOWER 

SCHEDULE 


Q START 3 JAN 78 

o SOW/PR PACKAGE COMPLETE 3 FEB 78 
o TASK ORDER AWARD 3 MAR 78 

o FINAL REPORT COMPLETE 8 SEP 78 

FUNDING 35K 

o 

MANPOWER 

Q 0.5MY 
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EVALUATE USE OF FENETRATOR CONCEPT FOR FUTURE EAimi EXPLORATION 


Objectives 

Phase I • Define the resource parameters that must be measured 

• Conceptually IdentilV the type of sensors capable of 
making the measurements 

* Convene workshop with Geosat Committee and government 
participants to evaluate concept 

Riaaa II • Determine future sensor and system technology requirements 

* Perform case studies for penetrator simulation 

* Prepare final report and recommendations 



EVAUIAIS USB OF EBNETRATW OMICEFF FC» FUnSlE BART1I EXHiORATIOV 


Contacta 

MorkJUig Qtofft Amaa Research Center 

Space Solenoe Division 
Space Projects DiviSLion 

University Grant 

Son Jose State University, 
Departisent of Geology 

On«Site Contractor 

LFB Corporation > Geologists 



Horfcshopt Geosat Oosaiittee President (Fred Henderson HI) 

Participating Industry Corps 

Mineral 
Oil & Gas 
Geothermal 

Environmental & Engineering 


Government Agencies 

NASA 

uses 

ERDA 

N3F 


Uk 

to 

0i 


lAilversltles and Consultants 



EVALUATE USE OF PENETRATOR CONCEPf FOR FUrURE EARTH EXELORATIOM 


Hiose I Activities 


Determine characteristics to be measured: 

Mineral Deposits 

OH & Gas Accumulations 

Geothermal Resources 

Environmental & Engineering Applications 


* Conceptually identify methods of measurement: 

Geochemical 

Biological 

Geophysical 


* Convene workshop with Geosat Comnittee and Government 
participants to exchange ideas: 

Evaluate potential uses 
Determine important meastu'ements 
Identify demonstration project(s) 


• Identify sites for case studies to simulate penetrator 
application(s) for important potential uses: 

Reconstrust actual ore deposit site(s} to a pre-mined condition 
Simulate use in both reconnaissance and site s\irvey modes, if possible 



ORIGINAL' PAGF IS 


EVALUATE U3B OF rENETIlATOR COIJCEIT FOR FI/TimE EARTII EXFLORATIOIf 


Schedule and Cost 


Major Tasks 


MJJAS0MDJFMAMJJA80H 


FJ-raiF.WIl 


Hiaso I Activities: 

Dotemine characteristics * “ 

Identify measures.cnt nethoda 
Convene Workshop 
Identify sites for case studies 
Preliminary report and rocomnendatlons 


I^PY'77 Funds Exhausted 


lliase II Activities: 


Fpture sensor and system technology requirements 
Cese studies for penetrator simulation 
Final report and recomnendations 


Activity Item 

lliase l(Flf 77 ) University Grant 


LFE Contract 


lliase H(iY 7&) University Grant 


LFE Contract 


Technology Innovations Contract 


POST LANDSAT D 

ADVANCED CONCEPT EVALUATION 




PLACE OBJECTIVES 


TO IDENTIFY THE KEY TECHNOLOGIES OF EARTH RESOURCES SATELLITE 
SYSTEMS OF THE POST '8*1 TIHE PERIOD (1985-2000) 

I 

TO PROVIDE A COMPREHENSIVE 'SPACE SYSTEMS TECIIHOLOGY MODEL' 
FOR EARTH RESOURCES PR06R.*IMS FOR THIS PERIOD 

TO DEVELOP A TOOL TO ALLOW FOR PRIORITY STRUCTURING OF 
THESE KEY TECHNOLOGIES AS A DECISION AID 



HANAGEMfiNT: 

CONTRACTOR: 

f IJillJlNO: 

KRIOU OP 
PCRPORHANCi;: 


PLACOJM 

QfLQANlZAIiM 

S. SADIN (RX) - PROGRAM MANAGER 

F. FLATOW (GSFO- STUDY MANAGER 

G. E. 

il7GK (OAST/OA) 

JGl.' 1077 TO JULY 1978 



ORIGINAL PAGE lb 
OF POOR QUALITY 


NASA MANDATE FOR VISION 


• STUDY SHOULD ATTEMPT TO EMPLOY IMAGINATION. VISION AND INSPIRATION. SEEK TO QO 
BEYOND THECREDIBLETO THE 'SEMI-CREDlBLE' 





PLACE STUDY METHODOLOGY 



C ; 
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PLACE i^lSSIOM CATEGORIES 


i fiCLunm 

AGRICULTURE 
R/VIGE MAi.'AGEf^EflT 
FORESTRY 

c c GEOLOGICAL RECOURCES 

- t LAUD U' E 

^ WATER RESOURCES 

> f EUVIROnr.EilTAL OUALITY 

5^; DISASTER ASSESSMENT 


EXCLUDED 

WEATHER 

CLIIIATE 

ATMOSPHERIC SENS I U6( EXCEPT CALIBRATION) 
EARTH AND OCEAN DYUArllCS 

ENERGY/COIWNAV 

MILITARY 

AIRCRAFT/D. C.P/S 
EXTRATERRESTRIAL 

CRIMINAL ACTIVITIESCEXCEPT POLLUTION) 


K 

* 

C5 



DERIVATION OF MISSION OBJECTIVES 


6E FORMULATION OF KEY MISSION OBJECTIVES 
— LITERATURE SEARCH 

— Previous study results 
— Mission requirements board 

Selection Criteria 

— Economic and other social importance 
— Diversity: objectives^ technology requirements 


Objectives approved by NASA for purpose of this study 



KEY OBJECTIVES 


AGRICULTURE r- CROP PRODUCTION FORECASTING 

- IDENTIFY CROPS 

- MEASURE ACREAGE 

- ESTIMATE YIELD 

- MEASURE PRODUCTION 

RANGE MANAGEMENT - GRAZING POTENTIAL DETERMINATION 

- EVALUATE STATUS AND MEASURE CARRYING CAPACITY 

- ESTIMATE LIVESTOCK COUNT 

- ESTIMATE FORAGE PALATABILITY 

FORESTRY - TIMBER STAND VOLUME ESTIMATION 

- IDENTIFY TREES 

- EVALUATE QUANTITY AND QUALITY OF TIMBER 

GEOLOGY - GEOLOGICAL RESOURCES LOCATION 

- LOCATE ORES 

- LOCATE FOSSIL FUELS 

- LOCATE CONSTRUCTION MATERIALS 

- LOCATE GEOTHERMAL RESOURCES 



KEY OBJECTIVES 


LAND USE - LAND USE AND CENSUS ENUMERATION 

- CREATE THEMATIC AND LAND USE MAPS 

- DETECT CHANGE IN LAND USE 

- ESTIMATE POPULATION 

WATER RESOURCES - WATERSHED MONITORING 

- MONITOR SURFACE SUPPLY OF FRESH WATER 

- MEASURE GROUNDWATER FLOW AND STORAGE 

- INTEGRATE RAINFALL AND EVAPORATION DATA 

ENVIRONMENTAL QUALITY - WATER POLLUTION DETECTION 

- DETECT. MONITOR. AND TRACE FRESH WATER POLLUTANTS 
~ MONITOR EUTROPHICATION 

- MEASURE SALT WATER INCURSION 

DISASTER ASSESSMENT - ABRUPT EVENT EVALUATION 

- monitor and ASSESS DISASTERS 

- MONITOR NON-CALAMITOUS ABRUPT EVENTS 





TRENDS IN REQUIREMENTS AND CAPABILITIES 



• IFOV DOWN TO 6-10 METER 

• AMPLITUDE RESOLUTION TO 0.1-0.5% 18-10 BITS). 

• DATA RATE TO GIGABIT/SEC RANGE 

• VARIABLE RESOLUTION/ZOOM CAPABILITY 

• MAKE OBSERVATIONS IN ANY WEATHER, DAY OR NIGHT, UP TO REALTIME 

• MORE USE OF MODELS AND DATA BANKS 



FORMATION OF SYSTEM CONCEPTS 



(USER 

DRIVEN) 


(PLACE 

METHODOLOGY) 


(TECHNOLOGY 

DRIVEN) 
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SENSOR 


SYSTEM ELEMENTS 



ENO-TO-ENO 



SENSOR & PLATFORM CONCEPTS 



•X-1. LANDSATH 

2. EARTHWATCH 

3. SEOS 

4. TEXTUROMETER 

5. HCMM FOLLOW-ON 

6. NITE-LITE 
MICROSAT 

8. PARASOL RADIOMETER 

9. RADAR ELLIPSOMETER 


•3F10. FERRIS WHEEL RADAR 

11. SATCLOUD 

12. RADAR ALTIMETER 

13. SWEEP FREQUENCY RADAR 

14. GEOSYNCHRONOUS SAR 

15. RADAR H0L06RAPHER 

16. FARADAY MAGSAT 

17. TETHERSAT 

18. SHUTTLE CALIBRATION FACILITY 

19. OPERATIONAL SHUTTLE FLIGHTS 


CO 

o 



LANDSAT H 



U 


SYSTEM CONCEPT 


EXTENSION OF OPERATIONAL LANDSAT PROGRAM 
(APPROX. 1095) 

INCORPORATES OPTICAL AND SAR DEVELOPMENTS OF 
LANDSAT F AND G 

SMART OPTICAL SENSOR ALLOWS FOR INTELLIGENT ON- 
BOARD FOITING/DATA REDUCTION 

SYNTHETIC APERTURE RADAR PROVIDES MULTI-FREQUENCY, 
ALL WEATHER IMAGING CAPABILITY 

ON-BOARD PROCESSING AND STORAGE ALLOWS FOR CHANGE 
DETECTION AND OR INFORMATION EXTRACTION 

HIGH RESOLUTION POINTABLE IMAGER PROVIDES GREATER 
DETAIL IN SELEC1ED TARGET AREAS 

ACTIVE VISIBLE SENSOR PROVIDES ATMOSPHERIC CALIBRA- 
TION, LUMINESCENCE. NIGHT IMAGING 


r 



LANDSAT H - SYSTEM COIMCEPT (CONTINUED) 


PERFORMANCE PARAMETERS 

• SMART VISIBLE/IR SENSOR 

- FORWARD/BACKWARO LOOKING 

- 10 M RESOLUTION 

- 3 FORWARD QANDS/7 BACKWARD 

- 1.25 GBPS DATA RATE 

- 185 KM SWATH WIDTH 

• SYNTHETIC APERTURE RADAR 
~ L. C. X-BAND 

- 25 METER RESOLUTION 

• HIGH RESOLUTION POINTABLE IMAGER 

- 5 M RESOLUTION 

- 5 KM X 5 KM TARGETS 

- 4 SPECTRAL BANDS 

• LASER ATMOSPHERIC CALIBRATION 

- ALSO USED FOR LUMINESCENCE. 

NIGHT IMAGING 

• ORBIT-SUN SYNCHRONOUS - (700 - 900 KM) 

- 3 SPACECRAFT CONSTELLATION 

- 6 DAY REPEAT CYCLE 


SYSTEM CONSIDERATIONS 

OBJECTIVES CONTRIBUTED TO: ALL 

RELATED SPACECRAFT: EARTHWATCH 

GEOSYNCHRONOUS SAR 
RADAR HOLOGRAPHER 

TIME PROJECTION: 1992 • 1997 

MEASURE OF RISK: MEDIUM 


,'3 



MICROSAT - SYSTEM CONCEPT 




L'BANO PASSIVE RADIOMETER 


PARABOLIC TORUS ANTENNA WITH CLUSTER OF FEED 
HORNS IN A FOCAL ARC 


WOULD REQUIRE PREVIOUS COMMITMENT TOWARD LARGE 
STRUCTURES IN SPACE 
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MICROSAT - SYSTEM 


PERFORMANCE PARAMETERS 


• FREQUENCY IS 1.4 GHZ (L BAND) 


• ANTENNA SIZE APPROXIMATELY 
600M X 1300M 


• GROUND RESOLUTION - 1KM. ORBIT - 1000KM. 
REPEAT CYCLE - 3 DAYS (2 SPACECRAFT), 
RADIOMETRIC TEMP. RES. - 1«K 

» DATA RATE (PEAK) - 59 KBPS 



e 3WATI1 WIDTH 


SIC KM 


(CONTINUED) 


SYSTEM CONSIDERATIONS 


OBJECTIVE CONTRIBUTED TO: 
SOIL MOISTURE 

RELATED SPACECRAFT: 

ALL MICROWAVE SYSTEMS 
EXCEPT TEXTURE SYSTEMS 

TIME PROJECTION; 1988-1992 


MEASURE OF RISK: MEDIUM 






ORIGINAL PAGK Ib 
OF POOR QOALH'Y 


FERRIS WHEEL RADAR - SYSTEM CONCEPT 






LARGE (30 KM DIAMETER) ROTATING CABLE STRUCTURE 
THAT RELIES ON CABLE TENSION FOR SUPPORT. PRESUMES 
PREVIOUS COMMITMENT TO ASSEMBLY OF LARGE STRUCTURES 
IN SPACE 

REAL APERTURE RADAR OPERATES AT LOW FREQUENCY 
(30 300 MHZ) FOR GROUND PENETRATION 

RESULTANT RETURN SIGNAL CAN MAP MATERIALS 
(BOUNDARY LAYERS AND GROUNDWATER) 


SPACECRAFT SPIN VECTOR IS FIXED IN INERTIAL SPACE 

PROBLEM AREA TO BE EXAMINED IS THE ATTENUATION 
EFFECTS OF THE IONOSPHERE. 


• 1C CHIPS FORM ELEMENTS OF A RANDOM SPARSE PHASED 
ARRAY 


• TRADE BETWEEN CW AND PULSED IMPLEMENTATION YET 
TO BE PERFORMED 
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FERRIS WHEEL RADAR - SYSTEM CONCEPT 
(CONTINUED) 


PERFORMANCE PARAMETERS 

• 30 KM DIAMETER 

a DEPTH OF 1 TO > 75 METERS* DEPEWDIHG 
on EOIL TYPE, MOISTURE 

• 300 M GROUND RESOLUTION 

• VERTICAL TARGET RESOLUTION BELOW 
GROUND SURFACE - APPROXIMATELY 2M 

• FREQUENCY - 30 300 MHZ 

• SPIN RATE APPROXIMATEL 1 REV/HR 


SYSTEM CONSIDERATIONS 


OBJECTIVES CONTRIBUTED TO: 

GEOLOGIC RESOURCES LOCATION 
GROUNDWATER MAPPING 
SOIL MOISTURE 

COMPETING SPACECRAFT: NONE 
TIME PROJECTION: 1995-2000 


MEASURE OF RISK: HIGH 


• 900 KM ORBIT 



PLACt 


TECHNOLOGY RFQIIlftFHFHT?; ANALYSIS OUTPUT 

INSTRUMENTS 
SUPPORT SUBSYSTEMS 
SPACE PLATFORMS 
COMMUNICATION LINKS 

PREPROCESSING SYSTEMS (SPACE AND GROUND) 

INFORMATION EXTRACTION PROCESSING SYSTEMS 
(SPACE AND GROUND) 

- USER MODELS 

- LARGE DATA BASES 

- DATA ACCESSING TECHNIQUES 
DATA DISSEMINATION 

SPACE TRANSPORTATION PROSPECTS 
LARGE STRUCTURES 



Objective: 

Application: 

Methodolody: 


P RIORITY STRUCTURING METHODOLOGY 

To HELP DECISION MAKERS IN ALLOCATING LIMITED AMOUNTS OF 
MONEY FOR DEVELOPMENT OF TECHNOLOGIES SO AS TO MAXIMIZE 
BENEFITS 

Experimental^ internal to study only at this time 

Two METHODS DEVELOPED 

"Top-Down": SimPle> fast> does not guarantee optimum 

RESULTS 

"Bottom-Up": Thorough^ good visibility^ long-runtime. 



ENABLING TECHNOLOGY FOR GLOBAL SERVICE MISSIONS 


OAST SPACE SYSTEMS REVIEW 

NASA HEADQUARTERS 
WASHINGTON, D.C. 

JANUARY 11-12, 1978 
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W. RAY HOOK 

LANGLEY RESEARCH CENTER 
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ENABLING TECHNOLOGY STUDIES 

LANGLEY RESEARCH CENTER 


ACTIVITIES 


MULTIPURPOSE SPACE SERVICE 


PLATFORMS 


• POWER SERVICE 


SPACE TO SPACE FORECAST 
LASER FORECAST 

• INFORMATION SERVICE 


COMMUNICATIONS 

FORECAST 

NAVIGATION FORECAST 
• DATA ACOUISITION 


LOW EARIH ORBIT 
FORECAST 

GLOBAL SERVICES 


• REQUIREMENTS INTEGRATION 

• EQUIPMENT DEFINITION 

MICROWAVE RADIOMETER 
SATELLITE 

INFORMATION PLATFORM 
MEASUREMENT PLATFORM 
POWER MODULE 
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MISSION REQ. 


REPORT 












SPACE SERVICrPUfFORMS 

t 

• MULTIPURPOSE SPACE SYSTEMS 




SPACE SERVICE PLATFORM CONFIGURATIONS 


THE SPACE SERVICE PLATFORM MISSION PROFILE IDENTIFIES THE FOLLOWING 
PLATFORM CONFIGURATION: 

1. INFORMATION SERVICE PUTFORM (ISP) 

o LARGE COMMUNICATION ANTENNA ARRAYS 
o HOUSES LARGE AMOUNT OF COMPUTER/OATA PROCESSING AND 
COMMUNICATION EQUIPMENT 

2. DATA ACQUISITION PLATFORM (DAP) 

o 15 TO 300 METER ANTENNAS - RADIOMETRIC, IR, OPTICS 
o MULTIPLE SENSORS EACH WITH MICROPREPROCESSING CAPABILITY 

3. POWER SERVICE PLATFORM (PSP) 

o LARGE NUCLEAR POWER PLANT 
o LASER FOR TRANSMIHING ENERGY 



SYSTEM DESIGN AND ANALYSIS 










FUTURE NEAR EARTH SPACE ENERGY NEEDS 


ENERGY 




OUTPUT POWE: 





YEAR OF APPLICATION 









ON-BOARD VS REMOTE POWER TRADEOFF 



zoi 

i (DC TO DC) 



SPACE TO SPACE POWER SYSTEM EFFICIENCIES 


POWER XMISSION 
SYSTEM 

DC to DC EFFICIENCY, °/» 

OVERALL SYSTEM EFFICIENCY, % 

PRESENT 

PROJECTED (1990) 

PRESENT 

PROJECTEir(1990) 

MICROWAVE 

55* 

65 

6 (Si Cells) 

0. 1 (Nuclear Gas 
Core Reactor) 

12 (GaAs Cells) 

10-30 (MHD Nuclear 
Gas Core 
Reactors) 

CONVENTIONALLY 
POWERED LASERS 

2-10* 

5-35 

.1-3 (SI Cells) 

.01 (Nuclear Gas 
Core Reactor) 

1-6 (GaAs Cells) 

4-23 (MHD Nuclear 
Gas Core 
Reactors) 

DIRECT PUMPED LASEI5 

o SOLAR 

CONCENTRATOR 

:S 

NOT APPLICABLE 

NOT ESTIMATED ** 

1-2 

o NUCLEAR 

NOT APPLICABLE 

0. 1 - 0. 2 

25- 35 (Gas Core 
Reactors) 


* MEASURED 

M ** INSUFFICIENT DATA AVAILABIE ON LAZANTS COMPATIBLE WITH SOLAR RADIATION 
K FREQUENCY SPECTRUM 





CUMULATIVE COSTS 



1985 1990 


CD 



LASER VS SOLAR ELECTRIC 


COSTING AND PERFORMANCE 



SHUTTLE LAUNCH COSTS 

PHOTOVOLTAIC ARRAY (GaAs) COSTS ($20- 50/WATT) 
POWER PLANT R and D COSTS 
LASER R and D COSTS 

SPACE BASED POWER SYSTEM COSTS (1 GWe OUTPUT); 

o CONSTRUCTION 

o OPERATIONAL (ANNUAL) 

o MAINTANENCE (ANNUAL) 

EFFICIENCIES: 

o SOLAR PHOTOVOLTAIC 
o LASER PHOTOVOLTAIC 



LASER FLUX IS 10 TIMES SOLAR FLUX 


$20M/FLIGHT 

$25/WAn 

e 

$1,500M 

$500M 

$5,000M 

$10M 

$30M 

20 PERCENT 
50 PERCENT 
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SPACE POWER PLATFORM 
CONCLUSIONS 


o SYSTEMS A NALYSIS 

o ACCELERATING SYSTEMS; BEST CASE FOR SPACE-TO- SPACE POWER 
« UriLITY SYSTEM : MARKET NOT THERE IN 1995 

o POWER MODULE FOR LARGE (APPROX. 250 KW) ZERO G USERS NEEDS STUDY 
o NELL) INTEGRATED TRANSPORTATION SYSTEM STUDY 

o STRUCTUR ES 

o URGE STRUCTURES WITH URGE MASS CONCENTRATION 
o FIGURE CONTROL MIRROR ARRAYS 
a RADIATOR DESIGNS 

o MATERIA LS 

o RADIATION RESISTANT STRUCTURAL MATERIAL 
a HIGH TEMPERATURE MATERIALS MHO AND USER APPLICATIONS 

o CONTROLS 

- POINTING AND FIGURE CONTROL; USER TRANSMIHER AND RECEIVER 

- ENERGY MANAGEMENT 

o POWER 

o USER; CLOSED CYCLE - LONG LIFE - HIGH POWER 

- NUCLEAR POWER ; GAS CORE REACTOR - MHO 

» SOIAR CELLS; HIGH EEFICIENCY - COST REDUCTION-RADIATION RESISTANCE 
o PROPULSI ON 

o USER POWER THERMAL ENGINE 
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CONCLUSIONS 


o MAJOR INCREASES IN SPACE POWER LEVELS AND ENERGY NEEDS PROJECTED IN THE 
1990' S 

o CENTRAL UTILITY CONCEPT ATTRACTIVE ALTERNATIVE TO SOME ON-BOARD SPACE POWER 
SYSTEMS - HOWEVER. BENEFITS/RISKS/COSTS ASSESSMENTS REQUIRED 

o MATURING MICROWAVE TECHNOLOGY; EMERGING LASER TECHNOLOGY 

o MAJOR TECHNOLOGY DEVELOPMENT BUDGETS FOR LASERS AND HIGH POWER SYSTEMS 
ARE IN DOD AND EROA; HOWEVER. SYSTEMS ARE NOT AIMED AT NASA'S POTENTIAL 
NEEDS 

o LASER TRANSMITTER/RECEIVER SMALL SIZE/MASS COMPARED WITH MICROWAVE 

o DIRECT PUMPED NUCLEAR LASER WOULD ENHANCE OVERALL SYSTEMS EFFICIENCY 

o LASER GENERATION AND COLLECTION SYSTEMS MAY BE DIFFERENT FOR PROPULSION 
AND FOR REMOTE ELECTRICAL USERS <E.G.. CO. CO« FOR THERMAL ENGINES, VISIBLE 
FOR PHOTOVOLTAIC LASER RECEIVERS) ^ 


N 

W 


o 


POTENTIAL FOR POWER TRANSMISSION IN SPACE 


ENABLING TECHNOLOGY STUDIES 


1/10/78 
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REQUIREMENTS MODEL 



JPL-GSFC-LaRC GSFC-JPL GSFC-LaRC GSFC 













EQUIPMENT MODEL 
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PUBLIC INFORMATION 

MANAGEMENT SERVICES SYSTEM, CIRCA 1995 

I 

JOINT CENTER STUDY 
SPONSORED BY 

TECHNOLOGY PLANNING OFFICE 

STATUS REVIEW 

JPL CONTRIBUTIONS 

R.G. NAGLER/ EJ. SHERRY 


JANUARY 1978 



PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

STUDY RESPONSIBILITIES 




MEASUREMENT ^ SENSORS — ► PROCESSING — ►SWITCHING — ► DISSEMINATION ► DISPLAY 

NEEDS 


JPL 

G5FC 

GSFC 

GSFC 

JPL 

GSFC 

jpL 

LaRC 

LaRC 

LaRC 

LaRC 



MSFC 

MSFC 


GSFC 

GSFC 

JpT” 

JPL 

LaRC 

LaRC 

LeRC 

LeRC 







PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

MAJOR PRESENT JPL ACTIVITIES 



SPECTRAL SEPARATION 
TRANSMITTER POWER 

COLUCTOR SIZES 

• OPTICS 

• ANTENNAS 


LOCATION/RECTIFICATION 

CALIBRATION/CORREIATION 

GEOPHYSICAL CONVERSION 

MERGING/RLENOING 

ASSIMILATION/^OOELUNG 

ANALYSIS 


DELIVERY TIMEUNESS 
DATA RATES 

STORAGE AND ARCHIVING 
ACCESSING METHODOLOGY 


MULTISPECTRAL MAPS 
MAP OVERIAYS , 

GEOREFERENCING 
INTERACTIVI GRAPHICS 


POLARIZATION 
VKWING AND SCANNING 







PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

JPL APPROACH 


DISCIPLINES 
PARAMETERS 
MEASUREMENT NEEDS 

1 

APPLICAfiLE SENSORS 


47 IDENTIFIED IN 5 TERRESTRIAL REGIMES 

162 IDENTIFIED IN 7 MEASUREMENT TYPES 

MOST DEMANDING CAPABILITY SPECIFIED/ 
MINIMUM USEFUL VALUE 

46 IDENTIFIED IN 5 X 7 MATRIX 


SENSOR REQUIREIkHENTS PRESENT CAPA6ILITY/PRQJECTED NEED 

I 

PROCESSING, DISSEMINATION 36 FUNCTIONS IDENTIFIED IN 4 FUWII 
& DISPLAY FUNCTIONS ORIENTATIONS 
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PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

EACH DISCIPLINE HAS DIFFERENT 
MEASUREMENT REQUIREMENTS 


162 PARAMETERS / 


47 

DISCIPLINES 






PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

SUMMARIZING MEASUREMENT 





RESOLUTIONS 

RANGE 

PRECISION 

HORIZONTAL VERTICAL 

TEMPORAL 


MOST DEMANDING CAPABILITY REQUESTED/MINIMUM USEFUL VALUE 



Ibll PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

MEASUREMENT OPTIMIZATION DEPENDS 
ON TYPE OF BALANCE OR TEXTURE 
PROBLEM UNDER STUDY 


THERMAL 

CONVECTIVE 

WATER 

CHEMICAL 

BIOLOGICAL 

TEXTURE 

BALANa 

VALANCE 

BALANCE 

BAUNCE 

BALANCE 


SPECIAL 

KAIUtfS 


SPACE 


AIMOSPHEIE 


WATER 


la/SNOW 


LAND 


1 . ASSIGN MEASUREMENTS 

2 . IDENTIFY APPLICABLE SENSING METHODS 
3 . SEUCT IMPLEMENTATION CONCEPTS 




PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

SELECTING SENSOR IMPLEMENTATIONS 
WITH AT LEAST SOME CONCEPTUAL BASE 


SPECTRAL 

BANDS 


BAND 

WIDTH 


INCIDENCE 

ANGUS 


RESOLUTIONS 


HORIZONTAL 


VERTICAL 


SWATH 

WIDTH 


TEMPORAL 

REPEAT 


ORBIT 


iL* 

0 » 




PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

POST-SENSING INFORMATION 
SERVICES REQUIREMENTS 



SERVICE 


FUNCTION 


CHARACTER 


ENGINEERING PREfARATiON DATA PROCESSING 


EXTRACTION OP GEOPHYSICAL MEANING INfOIMATION EXTRAaiON 


INFORMATION DfUVERY TRANSFER A OEiSIMINATION 


« ONBOARD 
• ARCHITECTURE 
9 SIZING 


t GfiOUND/ONBOARD 
• ARCHITECfTURE 
t SIZING 

f FUTURE ORIENTED 


• DATA RATES 

* LINK TYPES/NUMIERS 


INFORMATION MANAGEMENT ARCHIVING A ACCESSORY 


• DYNAMIC ASSIMIUTION 

• MASS STORAGE 

• ACCESSIBLE 

• EFFICIENT SWITCHING 


DECISION AID 


INFORMATION DISPLAY 


• USER PECULIAR 





PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

FUTURE JPL ACTIVITIES 

REMAINDER OF FISCAL YEAR (lOOK-1.5 MY) 

• COMPLETE NEEDS PACKAGE - MEASUREMENT/SENSORS 

-PROaSSING/DELIVERY 

• PRELIMINARY SENSOR DESCRIPTIONS 

• SUPPORT TO DESIGNING/SCOPING SUPPORT CAPABILITIES 

PROaSSING, SWITCHING. DISSEMINATION. DISPUY 

• TECHNOLOGY OPPORTUNITIES ASSESSMENT 

• INTERIM REPORT 

NEXT FISCAL YEAR (200K-2.0MY + CONTRACT) 

• IMPLEMENTATION OPTIONS SEUCTION 

• ALTERNATIVE SYSTEM DESIGN 

• TECHNOLOGY DEVELOPMENT STRATEGIES 

• PINAL REPORT 


. OCTOBER 

- OCTOBER MARCH 

- JANUARY—^ JUNE 

- SEPTEMBER 


- BY FEBRUARY 

- BY MARCH 

< BY APRIL 

- JANUAW APRIL 

-MARCH ^ JULY 

- SEPTEMBER 
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PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

TECHNOLOGY DEVELOPMENT 
STRATEGIES 


ECONOMIC 



SYSTEAW 

OR SOCIAL 



SUBSYSTEM 

BENEFITS 


COSTS 






MEASUREMENT PARAMETERS 

MAJOR EARTH APPLICATIONS 
DISCIPLINES 


ATMOSPHERE AND ICE 


OCEAN 


CUMATE 

UPPER ATMOSPHERE RESEARCH 
STRATOSPHERIC CONTAMINATION 
LARGE SCALE WEATHER FORECASTS 
SMALL SCALE WEATHER FORECAST 
WEATHER RESEARCH 
TROPOSPHERIC CONTAMINATION 
ICE FORECASTS 
ICE RESEARCH 
GLACEOLOGY 


GLOBAL OCEAN CONDITION FORECASTING 

COASTAL OCEAN CONDITION FORECASTING 

PHYSICAL OCEAN RESEARCH 

OCEAN ENGINEERING 

MARINE GEOLOGY 

OCEAN GEODESY AND BATHYMETRY 

LIVING MARINE RESOURCES 

BIOLOGICAL OCEAN RESEARCH 

OCEAN CONTAMINATION 

CHEMICAL OCEAN RESEARCH 


BIOLOGICAL LAND USE 


PHYSICAL LAND USE 


SURFACE WATER INVENTORY 
SOIL MOISTURE BALANCE 
WETLAND MANAGEMENT 
FRESH WATER CONTAMINATION 
CROP YIELD MANAGEMENT 
GRAZING LAND MANAGEMENT 
AGRONOMY RESEARCH 
FOREST MANAGEMENT 
GRASSLANDS MANAGEMENT 
FORESTRY RESEARCH 


PHYSIOGRAPHIC MAPPING 

SOCIAL/ POLITICAL/ECONOMIC MAPPING 

CARTOGRAPHY 

EARTH GEODESY 

LAND USE MANAGEMENT 

SOIL MANAGEMENT 

ROCK /MINERAL RESOURCE MANAGEMENT 
TECTONICS RESEARCH 
GEOTHERMAL ANOMOLIES 
EARTH GEOPHYSICAL PROPERTIES 


MILITARY AND SPECIAL OPERATIONS 

TACTICAL AIR FORCE OPERATIONS 
STRATEGIC AIR FORCE OPERATIONS 
TACTICAL NAVAL OPERATIONS 
STRATEGIC NAVAL OPERATIONS 
TACTICAL ARMY OPERATIONS 
STRATEGIC ARMY OPERATIONS 
CIVILIAN NAVI CATION /LOCATION AIDS 


249 




MEASUREMENT PARAMETERS 

TEMPERATURE/RADIANCE PROPERTIES 


1. IONOSPHERE TEMPERATURE PROFILE 

2. VERTICAL ATMOSPHERIC TEMPERATURE PROFILE 

3. CLOUD TOP TEMPERATURE 

4. SURFACE AIR TEMPERATURE 

5. SURFACE WATER TEMPERATURE (FRESH-WATER /OCEAN I 

6. VERTICAL OCEAN TEMPERATURE PROFIU 

7. ICE /SNOW SURFACE TEMPERATURE 

8. VERTICAL ICE/SNOW TEMPERATURE PROFIU 

9. LAND SURFACE TEMPERATURE 

10. VERTICAL LAND TEMPERATURE PROFIU 

11. SPECIAL TEMPERATURE ANOMOLIES IFIRE/GEOTHERMAL/INDUSTRIAL/URBANI 

12. CLOUD /ATMOSPHERE ALBEDO 

13. WATER ALBEDO (FRESH-WATER/OCEAN/ICE/SNOWI 

14. LAND ALBEDO 


iO 

Ot 

o 
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MEASUREMI=NT PARAMETERS 

ATMOSPHERIC PROPERTIES 


1. SEA SURFACE PRESSURE 

2. VERTICAL PRESSURE PROFILE 

3. SEA SURFACE WIND - AMPLITUDE (DIRECTION (19 m REFI 

4. VERTICAL WIND - AMPLITUDE DIRECTION 

5. VERTICAL WIND CONVECTIVE DUCTS - LOCATION/SIZINC 

6 . VERTICAL HUMIDITY PROFILE 

7. CLOUD EXTENT 

8. CLOUD UVELS AND THICKNESS 

9. CLOUD PARTICLE SIZE DISTRIBUTION 

10. PRECIPITABIE WATER PROFIIE 

11. PRECIPITATION EXTENT/AMOUNTS 

12. PRECIPITATION FORM 

13. PRECIPITATION RATES 

14. FOG/MIST VISIBILITY 



MEASUREMENT PARAMETERS 

ATMOSPHERIC COMPOSITION 



1. 

®3 

1. 

Ci 


2. 

0 

2. 

F 


3 . 

OH 

3 . 

cio 


4 , 

H «0 

4 . 

HCi 


5 . 

CO 

5 . 

HF 


6. 

CO2 

6. 

CFxCJ^y 


7 . 

H2CO 

7 . 

SO2 


8. 

CH4 

8. 

H^S 


9 . 

Cj^Hy 

9 . 

AEROSOLS 


10. 

NO 

10. 

Hg 


12. 

N^O 

11. 

Pb 


13 . 

NHj 



K) 

CH 

^0 

14 . 

HNO3 






MEASUREMENT PARAMETERS 

OCEAN DYNAMICS 



1. ASTRONOMICAL AND STORM TIDES 

2. SEA SURFACE WIND SHEAR AMPLITUDE/DIRECTION 

3. WAVE HEIGHT AMPLITUDE 

4. WAVE LENGTH AMPLITUDE/DIRECTION 

5. OCEAN SURFACE CURRENT AMPLITUDE/DIRECTION 

6. OCEAN SURFACE CURRENT LOCATION 

7. COASTAL/ESTUARY CIRCU'ATION AMPLITUDE/DIRECTION 

8. COASTAL/ESTUARY CIRCULATION LOCATION 

9. UPWELLING LOCATION /EXTENT 



10. 

SEDIMENT TRANSPORT LOCATION /EXTENT 


11. 

SEDIMENT TRANSPORT AMPLITUDE /DIRECTION 


12. 

SHOAL/SHORELINE MOVEMENTS 

K) 

Oi 

13. 

COASTAL BATHYMETRY 

CO 

14. 

MARINE GEOID 




AAEASUREMENT PARAMETERS 

BIOORIENTED WATER COMPOSITION 


(ji 


1. SURFACE SALINITY CONCENTRATION 

2. CHLOROPHYL CONCENTRATION /EXTENT 

3. PHYTOPLANKTON TYPE /EXTENT 

4. ZOOPLANKTON TYPE /EXTENT 

5. ALGAE TYPE /EXTENT 

6. OCEAN / LAKE VEGETATI ON TYPE /EXTENT 

7. OCEAN DISEASE VECTOR TYPE EXTENT 

8 . FISH OIL/ Bl PRODUCT TYPE /EXTENT 

9. FISH OIL/BIPRODUCT THICKNESS 

10. FISH IDENTIFICATION /SI ZING 

11. TURBIDITY 

12. SUSPENDED PARTICU CONCENTRATION/SIZE DISTRIBUTION 

13. SEDIMENTATION RATE 
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MEASUREMENT PARAMETERS 

POLLUTANT-ORIENTED WATER COMPOSITION 



1. DISSOLVED NUTRIENTS /SOLIDS - CONCENTRATIONS 

2. DISSOLVED OXYGEN - CONCENTRATION 

3. HEAVY METAL TYPE /CONCENTRATION /PROFILE 

4. ACID/BASE BALANCE - PH 

5. CHEMICAL POLLUTANT - TYPE /CONCENTRATION /EXTENT 

6. PETROLEUM POLLUTANT - TYPE /EXTENT 

7. PETROLEUM POLLUTANT - THICKNESS 

8. PESTICIDE POLLUTANT - TYPE /EXTENT 

9. COLIFORM - BACTERIA /SEWAGE-LOCATION/EXTENT 

10. RADIOACTIVE WASTE - TYPE /STRENGTH/ EXTENT 
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MEASUREMENT PARAMETERS 

ICE 

1. ICE /SNOW EXTENT 

2. ICE/SNOW FRACTION 

3. SEA ICE DRIFT RATE 

4. ICE DEFORMATION RATE 

5. ICE THICKNESS 

6. SNOW DEPTH 

7. ICE TOP SURFACE ROUGHNESS 

8. ICE BOnOM SURFACE ROUGHNESS 

9. WATER EQUIVALENCY OF SNOW 

10. ICE AGE 

11. ICE LEAD LOCATION /SI ZING 

12. CREVASSE LOCATION/SIZING 

13. ICEBERG LOCATION /SI ZING 

14. ICEBERG FORMATION RATE 



MEASUREMENT PARAMETERS 

LAND WATER 



01 


1. FRACTION OCEAN/FRESH-WATER/ICE/SNOW/LAND/VEGETATION 

2. SOI L MOI STORE CONTENT / PROFI IE 

3. LAKE/RESERVOIR /RIVER /CANAL EXTENT 

4. LAKE /RESERVOIR DEPTH 

5. WETWNDS EXTENT 

6. IRRIGATION EXTENT 

7. DROUGHT INDEX 

8. SOIL SLOPE AND DRAINAGE 

9. TOPSOIL TRANSPORT 

10. DEPTH OF WATER TABU 

11. PERCENT SATURATION OF VADOSE ZONE 

12. WATER EVAPORATION RATE 

13. ICE/SNOW SUBLIMATION RATE 



MEASUREMENT PARAMETERS 

LAND VEGETATION 



0i 
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1. VEGETATION EXTENT/TYPE (CROPS, WEEDS, TREES, GRASS, etc) 

2. PLANT DENSITY/SI ZING /MATURITY (CROPS, TREES) 

3. PLANT VIGOR /GROWTH RATE 

4. PLANT WATER STRESS /MOISTURE CONTENT 

5. PLANT DISEASE STRESS EXTENT/TYPE 

6. VEGETATION DAMAGE EXTENT/TYPE (GRAZING, INFESTATION, ICE, FROST, 
OVERFERTILIZATION, FIRE, etc) 

7. CULTIVATION INTENSITY /EXTENT /METHOD 

8. CHEMICAL/PESTICIDE CONCENl RATI ON /EXTENT /IDENTIFICATION 

9. FUEL MOISTURE/COMBUSTIBLES AVAILABILITY 

10. PLANT PHENOLOGY 



MEASUREMENT PARAMETERS 

LAND GEOLOGY/MINEROLOGY 


1. GEOLOGICAL FORMATlOf^ MAPPING 

2. SURFACE CHARACTER /ROUGHNESS 

3. MINERAL I DENTI FI CATION /LOCATION 

4. MINING/ORILLING LAND USE 

5. SOIL/ROCK COMPOSITION 

6. SOIL POROSITY 

7. SOIL PERMEABILITY 

8. SOIL GRANULARITY 

9. SOIL SALINITY CONCENTRATION 

10. SOIL ACID BASE BALANCE/SOIL CHEMISTRY 

11. SOIL ORGANIC CONTENT 

12. TOPSOIL DEPTH 

13. SOIL MECHANICAL PROPERTIES 

14. RADIOACTIVE NUCLIDES - TYPE /STRENGTH /EXTENT 



MEASUREMENT PARAMETERS 

EARTH PHYSICS 


1. SOLAR CONSTANT 

2. RADIATION BUDGET 

3. CRUSTAL SHIFTS (CONTINENTAL DRIFT) 

4. CRUSTAL BULGES /SURFACE TOPOGRAPHY 

5. MAGMA TRANSPORT RATE 

6. EARTH SPAN RATE WOBBlf 

7. EARTH SPIN AXIS WOBBLE 

8. MAGNETIC FIELD STRENGTH 

9. GRAVITY FIELD STRENGTH 

10. TRAPPED PARTIClf ENERGY DISTRIBUTION /EXTENT 

11. X RAY ENERGY DISTRIBUTION 

12. y RAY ENERGY DISTRIBUTION 



-t* 


MEASUREMENT PARAMETERS 

MISCELLANEOUS 


1. URBAN LAND USE FRACTIONS • POWER /TRANSPORT/INDUSTRY/DISTRIBUTION/LIVING 

2 . SEARCH AND RESCUE 

3. SHIP LOCATION/SIZING/IDENTIFICATION/ACTIVITY DETERMINATION 

4. AIRPLANE LOCATION/SIZING/IDENTIFICATION/ACTIVITY DETERMINATION 

5. AUTO /TRUCK /TANK LOCATION/SIZING/IDENTIFICATION/ACTIVITY DETERMINATION 

6. SPACECRAFT LOCATION /SI ZING /IDENTIFICATION /ACTIVITY DETERMINATION 

7. WAR LOCATION/SIZING/IDENTIFICATION 

8. NUCLEAR POWER STATION LOCATION /SIZING 




9. SOLID WASTE IDENTIFICATION/EXTENT 

































GLOBAL SERVICES 
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GLOBAL SERVICES 


GSFC TASKS 

© COMMUNICATIONS SERVICES 

- USER COMMUNICATIONS NEEDS 

- DELIVERY SYSTEM 

O INFORMATION MANAGEMENT SYSTEM 

- DATA PROCESSING/ANALYSIS 

- INFORMATION MANAGEMENT 

- ARCHIVING 



GSFC SUB-TASKS (1) 

COMMUNICATIONS 

O REVIEW POTENTIAL COMMUNICATIONS NEEDS IN EXISTING 
USER DOCUMENTATION INCLUDING THAT DEVELOPED IN 
THE PSCTS PROGRAM. 

O OBTAIN ADDITIONAL INPUT FROM OTHER AVAILABLE SOURCES. 

O FILTER, APPLY JUDGEMENT TO INPUTS, DEVELOP REFINED SET 
OF REQUIREMENTS. 

O COORDINATE COMMUNICATIONS REQUIREMENTS WITH LARC, 
LERC, MSEC. 

O DOCUMENT REQUIREMENTS. SUPPLY AS INPUT TO 
INFORMATION MANAGEMENT SUB-TASK. 

O DEVELOP & DEFINE COMMUNICATIONS SYSTEM CONCEPT TO 
MEET REQUIREMENTS. 

O IDENTIFY TECHNOLOGY REQUIREMENT OPTIONS FOR 
COMMUNICATIONS SYSTEM. 

^ O EVALUATE IDENTIFIED TECHNOLOGIES FOR READINESS IN ~ 1995 
TIME-FRAME. 
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GSFC SUB-TASKS (2) 

INFORMATION MANAGEMENT 

o REVIEW CURRENT TECHNOLOGY IN BOTH GROUND & 
SPACE SYSTEM DATA PROCESSING, ANALYSIS AND 
DATA STORAGE. 

e USE SENSOR & COMMUNICATION DOCUMENTATION TO 
DEVELOP & DEFINE INFORMATION MANAGEMENT 
SYSTEM. INCLUDE COMPUTER TECHNOLOGY FOR 
PROCESSING AND ANALYSIS, DATA STORAGE AND 
SWITCHING, ROUTING AND BILLING PROCEDURES. 

o IDENTIFY TECHNOLOGY REQUIREMENT OPTIONS FOR 
THE INFORMATION MANAGEMENT SYSTEM. 

e EVALUATE IDENTIFIED TECHNOLOGIES FOR READINESS 
IN -1995 TIME-FRAME. 



SCHEDULE, FUIMDING, MANPOWER 


SCHEDULE 

o INTER-CENTER ORGANIZATION MEETING 15-16 DEC 77 

O SOW/PR PACKAGES COMPLETE 21 JAN 78 

o TASK ORDER AWARDS 24 FEB 78 

o COMMUNICATIONS REQUIREMENTS 21 APR 78 

DOCUMENTED 

o FINAL REPORTS BOTH SUB-TASKS COMPLETE 18 AUG 78 

FUNDING 

o COMMUNICATIONS SUB-TASKS 35K 

O INFORMATION MANAGEMENT SUB-TASK 55K 

MANPOWER 

„ © COMMUNICATIONS 0.5MY 

^ o INFORMATION MANAGEMENT 0.5MY 




ADVANCED JPL APPLICATIONS MISSIONS 

SUGGESTED TECHNOLOGY PLANNING TASKS FY79 


1. FOLLOWON TO PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM 

• MULTIPLE SYSTEM IMPLEMENTATIONS TO SCOPE TECHNOLOGY 

• TECHNOLOGY DEVELOPMENT STRATEGIES 

• TECHNOLOGY ENABlf MENT 

2. POLES I HER 

• GEOSTATIONARY SATELLITE OVER POLE 

• TECHNOLOGY READINESS 

• TECHNOLOGY ENABLEMENT 

3. EARTH BASED APPLICATIONS MISSIONS TECHNOLOGY READINESS/ENABIEMENT 

• AIRCRAFT TECHNOLOGY ENABLEMENT TO MAKE COMPETITIVE FOR SOME MISSIONS 

• BALLOON TECHNOLOGY READINESS/ENABIEMENT FOR LOCAL MONITORING 
MISSIONS 

• DRIFTING BUOY TECHNOLOGY READINESS FOR LOW-COST, DISPOSABLE, 

SATELLITE RELA^ IMPLEMENTATION 

4. MULTI SPECTRAL IMAGING RADAR TECHNOLOGY ENABLEMENT STUDY 


<0 

O'i 

oc 


• VOIR/SEASAT TECHNOLOGY READINESS FOLLOWON 

• MULTI BEAM IMPLEMENTATION ENABLE/VIENT 

• MULTI SPECTRAL, MULTIVIEW ANGLE IMPLEMENTATION ENABLEA4ENT 
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POLESITTER 

(GEOSTATIONARY OVER EARTH SPIN AXIS) 

TECHNOLOGY - READINESS/ 
TECHNOLOGY - ENABLEMENT 

STUDY 

JET PROPULSION LABORATORY 
JANUARY 1978 



POLESITTER 



ELECTRICALLY 

SCANNED 

MICROWAVE 

RADIOMETER 


GOES LIKE ENVIRC MENTAL 
AT LATITUDES ABOVE 50^ 



POUR DOMSAT 






POLESITTER 




^ftRAy 





* ‘^^Rared 



S 




WHY POLESITTER 


ACTS LIKE GOES FOR CONTINUOUS MONITORING OF POLAR WEATHER, OCEAN, 
AND ICE CONDITIONS 

• ORBIT FEASIBILITY STUDY IN PROGRESS - OSTA FUNDING 

• SENSOR PAYLOAD OPTIONS STUDY IN PROGRESS - OSTA FUNDING 

ACTS LIKE DOMSATTO COMPLETE COMMUNICATIONS LINKS AT HIGH 
UTITUDES 

• LINK OPTIONS STUDY TO BE PROPOSED TO OSTA IN FY 79 
PROVIDES IMPORTANT 3RD DIMENSION FOR GLOBAL NAVIGATION 


• TO BE STUDIED 



HOW POLESITTER 



• ACTIVE PROPULSION SYSTEM USED TO HOLD SPACECRAFT IN POSITION - 
DYNAMIC SUN ORBIT PRECESSION. EARTH/MOON GRAVITY ATTRACTION 

• SOLAR MOST LIKELY INIT. ' I. CANDIDATE 

• AL'iERNATIVE PROPULSION SYSTEMS FOR LOW LEVEL STUDY 

• NUCLEAR ELECTRIC 


• SOLAR SAIL 


Cl 


•SUPER CONDUCTING RING 



POLESITTER 


TECHNOLOGY READINESS 

EQUILIBRIUM POSITION USING EXISTING SOLAR ELECTRIC PROPULSION 
TECHNOLOGY 

GROUND RESOLUTION CAPABILITIES FROM AVAILABLE SENSOR OPTICS 
TECHNOLOGY 


TECHNOLOGY ENABLEMENT 

INVESTMENT NEEDED TO BRING EQUILI BRIUM ALTITUDE CLOSER TO EARTH 

INVESTMENT NEEDED TO INCREASE OPTICS SIZES 

BEST INVESTMENT COMBINATIONS TO ACHIEVE NECESSARY MONITORING 
RESOLUTIONS 



MAJOR CHARACTERISTICS OF POLESITTER 

(SPECULATIVE FEASIBILITY - UNDER STUDY) 


USER ORIENTATION 


INTERNATIONAL OPERATIONS/RESEARCil NEEDS EMPHASIZED 

• ARCTIC OIL OPERATIONS. FISHERIES MANAGEMENT. ARCTIC 
TRANSPORTATION 

• INTERNATIONAL ECONOMIC/SOCIAL BENEFIT ORIENTED 

• ICE/SNOW/GLACIER EXTEN, THICKNESS. AGE. DEFORMATION 
PATTERNS PLUS TEMPERATURES AND WINDS 

• ALL WEATHER 

• FUNCTIONS LIKE A GOES BUT AT POlf 


• ORBIT KEYED TO ARCTIC COVERAGE 

• GEOSTATIONARY OVER POlf USING ACTIVE PROPULSION TO 

ORBIT RETAIN POSITION 

• PRESENT TECHNOLOGY ALLOWS LUNAR DISTANCE TO 1/3 LUNAR 
DISTANCE LOCATION 


SENSORS 


INFORMATION 

EXTRACTION 


SENSOR CANDIDATES 

• V&IR SURFACE MAPPER - LINESCAN OR CCD CAMERA 

• IR SOUNDER 

• MICROWAVE SURFACE MAPPER 

• SPUN SYNTHETIC APERTURE RADAR 

• SWEPT F'^QUENCY MICROWAVE MAPPER 

• SWEPT FREQUENCY SCAHEROMETER 

DATA-PREPROCESSING/INFORMATION'EXTRACTION CANDIDATES 

• REAL TIME DELIVERY TO CENTRAL SITE 




JOINT INTERNATIONAL FUNDING 



EARTH BASED APPLICATIONS MISSIONS 
TECHNOLOGY READINESS/ENABLEMENT 



JET PROPULSION LABORATORY 


JANUARY 1978 



EARTH vs SPACE BASED APPLICATIONS MISSIONS 



BENEFIT 


RESOLUTION 
SYNOPTICITY 
LOCAL CONTINUITY 


COST 


■ CAPITAL INVEL i.'AENT 
. OPERATING EXPENSES 
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EARTH BASED APPLICATIONS MISSIONS 

TECHNOLOGY READINESS/ENABLEMENT QUESTIONS 


AIRCRAFT 


• FOR WHICH MISSIONS ARE AIRCRAFT COMPETITIVE OR NEAR-COMPETITIVE WITH SPACECRAFT 


• HOW DO TECHNOLOGY INVESTMENTS IN ALTITUDE. VELOCITY, MANEUVERABILITY EFFECT 
THE RELATIVE COMPETITIVENESS ? 


BAUOONS/AEROSTATS 

• FOR WHICH MISSIONS ARE BALLOONS/AEROSTATS COMPETITIVE OR NEAR-COMPETITIVE 
WITH SPACECRAFT? 

• HOW DO TECHNOLOGY INVESTMENTS IN TRANSIENT SURVIVAL. STATIONKEEPING, HIGHER 
ALTITUDES EFFECT THE RELATIVE COMPETITIVENESS? 


BUOYS 

• HIGH TECHNOLOGY. SATELLITE RELAY. DISPOSABlf DRIFTING GUOYS ARE AN EXTREIVIELY 
IMPORTANT ADJUNCT TO SATELUTE ORIENTED OCEAN RESEARCH ? 

• HOW WOULD TECHNOLOGY INVESTMENTS IN LOW COST IMPLEMENTATION EFFECT THE COST 
VIABILITY OF THESE IMPORTANT SYSTEM COMPONENTS ? 



MULTISPECTRAL IMAGING RADAR 
TECHNOLOGY ENABLEMENT 

JET PROPULSION LABPRATORY 

JANUARY 1978 


^0 
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MULTISPECTRAL IMAGING RADAR 

TECHNOLOGY ENABLEMENT STUDY 

NEEDS 

• CRITICAL FUTURE SENSOR(S) 

• MULTIPLE APPLICATIONS 

• MULTIPLE OPTIMIZATIONS 


PROBLEMS 

• MULTIPLE SPECTRAL CHANNELS NEEDED 

• MULTIPLE INCIDENCE ANGLES NEEDED 

• MULTIPLE BEAM WIDTHS NEEDED 

• IMAGING, ALTIMETRY. SCAHERO/VETRY. SOUNDING 
OPTIMIZES ON DIFFERENT PARAAAETERS 

• SUPPORT NEEDS DEMANDING/COSTLY 

• HOW TO BEST DIRECT A LIMITED FUNDING BASE 
FOR SENSOR/PROCESSING DEVELOPMENT 



SESSION ’A' - APPLICATIONS 


SEASAT Follow-On Technology Readiness Study (J. West, JPL) 

DISCUSSION: Contact should be made with LeRC on their dynamic 

power studies. The point was made that for orbit maintenance 
of LANDSAT-type sun synchronous orbits, electric propulsion 
could be used; but this study was based on SEASAT-B using 
available technology. 


Technology Readiness for a Global Service Missions (W. Hook, LaRC) 
DISCUSSION: None. 


Public Service Platform (T. Durnam, GSFC) 

DISCUSSION: Future communications requirements and the 

utilization of more power on the.se types of satellites was 
discussed. 


Penetrator Concepts (J. Murphy, ARC) 

DISCUSSION: Penetrator usage for prospecting was discussed, 

and the fact that they would be low-cost, nonrecoverable items. 
This concept is of interest to oil companies and could benefit 
them. The problem of examining trade-offs was raised, but 
that was act included in the purpose of this study. Mr. Murphy 
mentioned that there has been very enthusiastic response to 
the planned workshop. He also stated that some FY *73 funding, 
perhaps joint with OSTA, was necessary. 


Post-LANDSA '’ "-D Advanced Concept Evaluation (PLJ^CZ) (F. Flatow, GSF 

DISCUSSION; :L* . Flatow suggested a follow-on to look at 
weather and cli.maoe related applications sysrems. 


ORIGINAL PAGE 1b 
OP POOR QUALITY 
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gi ^iblina ♦»ehnoloqy for Global Sfecvice Missions (W. Hook, LaRC) 

.Vf-- 

f‘ 0tSCUSStON: Mr. Hook stated that the forecasts presented 

P, were based on many sources of information. Mr. Aviv mentioned 
that intense relativistic electron devices (IREDs) should be 
-considered for energy transmission. Art Henderson brought 
up' the lack of OSTA involvement in the preliminary part of 
this effort. 


Public Information Management Services System (R. Nagler, JPL) 
OrSCOSSION: MOne. 

Global Services (T. Durham, GSFC) 

DISCUSSION: None. 


Global Services (D. Aviv, Aerospace) 

DISCUSSION: Stan Sadin stated that this activity is primarily 

to serve a^ a DoD interface. He also mentioned that the pur- 
pose of the space studies is to stretch technology, not to 
push missions for NASA to fund. 

According to Mr. Aviv, one of the major common NASA and DoD 
needs is a manned space service system. However, studies 
at LeRC claim to show that replacement is cheaper than fix-up 
for satellites in GEO. 

A working group session of the investigators for the previous 
four studies was to be held on 13 January 1978. 


Geostationary Platform (S. Sadi.'., HQ) 


DISCUSSION: In the absence of 

present the status of this OST.A 
some brief re "arks. This study 
progra.m for the 19 30s which wo’Ji 
only. However, taere is consii 
such a modest orocram will be p 


an MSFC representative to 
funded study, S. Sadin made 
was concerned with a possibl 
Id handle information transfe 
srable question whether even 
cssible 3t such an -early date 
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Diacuasion of FY 79 Plana in Applications 


Tharo muat be OSTA participation in the multi-center global 
aarvicaa study (LaRC - Lead) . This study includes considera- 
tion of TORS follow-cn, but the proposed global positioning 
satellite precludes some of the TORS follow-on requirements. 

R. Nagler presented three JPL ideas: (1) polar stationary 

satellite for such uses as triangulation, (2} multi-Certer 
study of close-in technology requirements (aircraft, balloons, 
buoys) instead of satellites for applications purposes similar 
to the ARC penetrator study, (3) multifunctional uses of radar 
iDeyond VOIR, etc, 

P. Platow mentioned the possibility of a cooperative v;eather 
and climate program with OSTA. Stan Sadin raised the question 
as to how (or whether) the PLACE activity should be coupled 
into the multi-Center global services study; this will be 
discussed in a future working group meeting. 


Marta Cheleski brought up the point that NASA must be awar» 
of, and be concerned about, future economic, political, and 
socialogical factors (such as user needs) or such t.hings as 
the global services missions discussed in this session nay 
never occur. Ray Hook said that this problem has received 
some attention. The related problem of the N.ASA comnit.ment 
to and interest in the operational aspects of providing the 
resulting satellite information was also explored. Stan Sadin 
commented that he feels that NASA v/ill have to provide an 
applications operations service for the users . 


0BK3WAL PAGE fe 
OF POOR QUAUTY 
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SECTION 7 
SESSION 'S' 


REVIEW OF SCIENCE AND EXPLORATION STUDY PROGRAMS 
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PRESENTATION TO OAST - CODE RX 
STUDY, ANALYSIS AND PLANNING OFFICE 



SPACEBORNE ANTENNA AND 
SYSTEMS TECHNOLOGY 


MICROWAVE 

STUDY 


RTOP No. 790-40-36 
FUNDING: FY77 $75K 
FY78 $50K 


ROBERT E. EDELSON 
JANUARY 12, 1978 


REE-l 

1 - 3-70 
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SPACEBORNE ANTENNA AND MICROWAVE 
SYSTEMS TECHNOLOGY STUDY 

STUDY OBJECTIVES AND STATUS 



FOR A 200 TO 300 m SPACEBORNE ANTENNA OPERATING AT 20 TO 300 GHz IN 
GEOSYNCHRONOUS ORBIT, 

• DETERMINE SYSTEM FUNCTIONAL REQUIREMENTS 

• DEVELOP SYSTEM SPECIFICATION 

• DEVISE CONCEPTUAL SYSTEM DESIGN 

— ^ • IDENTIFY CRITICAL REQUIRED TECHNOLOGIES 

o RECOMMEND NASA PROGRAMMATIC APPROACH INCLUDING SYSTEM 
DEMONSTRATIONS 


REE-2 

1-3-78 




SFACEBORNE ANTENNA AND MICROWAVE 
SYSTEMS TECHNOLOGY STUDY 



SYSTEM FUNCTIONAL REQUIREMENTS HIGHLIGHTS 


• 10 YEAR OPERATIONAL LIFETIME 

• 20 TO 300 GHz 

• 300 m EQUIVAlfNT APERTURE DIAMETER 

• 100% SKY COVERAGE 

\ 

• SHUTTLf COMPATIBlf CONCEPT 

SENSITIVITY DEMONSTRABLY BEHER THAN THAT AHAINABLE FROM GROUND 


CR 


REE-3 
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SPACEBORNE ANTENNA AND MICROWAVE 
SYSTEMS TECHNOLOGY STUDY 

PRINCIPAL TECHNOLOGY CHALLENGES 



00 

00 


• LOW NOISE AMPLIFIERS AND ASSOCIATED LONG-LIFE CRYOGENICS 

• ARRAY OR ARRAY-REFLECTOR ANTENNA TECHNIQUES FOR BEAM-STEERING 

• SHAPE CONTROL INVOLVING DISTRIBUTION OF SENSORS, ACTUATORS AND 
MICROPROCESSORS OVER ENTIRE STRUCTURE 

• THRUSTERS FOR SELF-BOOST OF A FRAGU£ STRUCTURE FROM LEO TO GEO 

• MATERIAL WITH HIGH STRENGTH /WEIGHT WITH LOW THERMAL COEFFICIENT 
OF EXPANSION 

• DESIGN AND ANALYSIS SOFTWARE 

• MULTI -NODE STRUCTURE OPTIMIZATION 

• LOGISTICS OPTIMIZATION 

• THERAAAL ANALYSIS 

• ROBOTIC ASSEMBLY OR MANUFACTURING TOOLS 


REE-4 
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SPACEBORNE ANTENNA AND MICROWAVE 
SYSTEMS TECHNOLOGY STUDY 

RATIONALE 





SPACEBORNE ANTENNA AND MICROWAVE 
SYSTEMS TECHNOLOGY STUDY 

CONCLUSIONS 


SPACEBORNE ANTENNAS ARE THE ONLY MEANS OF EXTENDING SCIENTIFIC HORIZONS 
FOR THE MAJORITY OF THE MICROWAVE REGIME 

lEADERSHIP BY OAST IS REQUIRED FOR PRODUCING THE ENABLING TECHNOLOGY 

I 

TO PERMIT A YEAR 2000 CAPABILITY, THE TECHNOLOGY DEVEIOPMENT PLAN 
SHOULD BE PRODUCED NOW 


i ^ 

CD 

O 


REE-6 

1 - 3-78 
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EXTRASOUR PLANETARY DETECTION 


METHODS; 

•IR Ihterferohetry (no FY78 funds) 

—FY77 STUDY BY Bracewell (Stanford grant) 

•Apod 1 ZED Visual Telescope 

OBJECTIVES; 

• Cof.'CEPT DEVELOPMENT 
•TeCIUIOLOGY REQUIREMENTS 

•Critique of 1976 NASA/ASEE Design Study (Project Orion) apodizing concepts 

RESOURCES; $50K 

CEIITER: ARC 

COIITACT: David C. Black 
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STATUS 


•Sole Source Proposal from Hewlett-Packard received and funded for two years (FY77-78) 

STUDY ON APODIZATION 

•Preliminary IR Interferometry Study completed by Bracewellj no FY78 activity at present 
•Detailed briefing by Black in January on both IR & Apod izat ion 
•Interim Report by H-P in June 
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PRESENTATION TO OAST-CODE RX 
STUDY. ANALYSIS. AND PLANNING OFFICE 

PROGRESS REPORT 

VOIR/SEASAT FOLLOW-ON TECHNOLOGY READINESS STUDY 

PART 1: VOIR 

RTOP No. 790-40-25 (-01) 

FUNDING: 75 K FY '77. 20 K FY '78 

JOHN L WEST 
JANUARY 12. 1978 




VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1; VOIR 

PRESENTATION OVERVIEW 


• STUDY OBJECTIVES 

• GUIDELINES 

• PRODUCTS 

• STATUS 


r;j 

CD 


JLW 
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VOIR/5tASAf POLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 

STUDY OBJECTIVES 


GENERAL • PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE ADVANCED 
DEVELOPMENT PROGRAM AND INSURING ITS RELEVANCE TO AGENCY 
NEEDS 


c:; 

Oi 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READJNESS STUDY - PART 1: VOIR 

STUDY OBJECTIVES (confd) 

PERFORM READINESS ASSESSMENT OF THE VOIR AND SEASAT-B MISSIOF^S 

• PROVIDES AN EVALUATION OF THE MATURITY AT PROJECT START 
AND RISKS OF UTILIZATION OF THE TECHNOLOGIES UPON WHICH 
USER-PROGRAM-OFFICE-DCVELOPED DESIGNS FOR THESE MISSIONS 
DEPEND 

• PROVIDES A COMPARISON OF THE MATURITY OF THESE TECHNOLOGIES 
WITH THE MATURITY Of THE TECHNOLOGIES AT PROJECT START OF 
PREVIOUS JPL Missions TO PLACE IDENTIFIED RISKS IN HISTORICAL 
PERSPECTIVE 


PERFORM BENEFITS ASSESSMENT FOR THE VOIR AND SEASAT FOLLOW-ON 
MISSIONS 

• IDENTIFIES. FOR MUTUAL OAST/USER PROGRAM OFFICE CONSIDERATION 
POSSIBLE TECHNOLOGY ALTERNATIVES WHICH MAY REDUCE RISK FOR 
AND/OR ENHANCE THE USER-PROGRAM-OFFICE-DEVELOPED BASELINE 
DESIGNS 

• PROVIDES MEASURES OF THE INCREMENTAL BENEFITS. RISK. AND COST 
OF H!ESF ALTERNATIVES 


Jl// 

1/1V7&-3 






VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 

GUIDELINES 


AREA 

GUI DELINE 

VOIR 

SEASAT-B 

SOURCE OF BASELINE MISSION 
AND SPACECRAFT DESCRIPTIONS 

• JPL FY 77 AND 78 PRE-PROJECT 
ACTIVITY SPONSORED BY 
NASA OSS/SL 

• JPL FY '77 PRE-PROJECT 
ACTIVITY SPONSORED BY NASA 
OA 

SOURCE OF TECHNOLOGY OPTIONS/ 
ALTERNATIVES 

• JPL (WITH EMPHASIS! 

• INDUSTRY 

• GOVERNMENT (TO INCLUDE 
CONSIDERATION OF NASA- 
RELATED DOD TECHNOLOGIES 
IDENTIFIED BY THE 
AEROSPACE CORP IN AN 

FY 76 OAST/RX -SPONSORED 
STUDY*) 

(SAME AS VOIR) 

EMPHASIS OF TECHNOLOGY 
OPTIONS /ALTERNATIVES 

• ALL SPACECRAFT 
ENGINEERING SUBSYSTEMS 
(EMPHASIS ON OPTIONS 
WHICH MIGHT PROVE 
BENEFICIAL FOR SUPPORT 
OF THE SYNTHETIC APERTURE 
RADAR (SARI) 

• NO SCIENCE SUBSYSTEMS/ 
INSTRUMENTS 

• NO GROUND SUPPORT 
EQUIPMENT 

(SAME AS VOIR) 

» "TECHNOLOGY ASSESSMENT AND N 
CORPORATION. D.G. AVIV 

EW OPR (TUNITIES - STUDY 2.3", THE AEROSPACE 


JLW 

1/12/78-4 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 

PRODUCTS^ 



PRODUCr 

mil 

DESCRIPTION 

1 

lOENTiriCATION Of BASELINE 
DESIGN TECHNOLOGY 
COMPONENTS 

LIST Of SUBSYSTEM COMPONENTS UTILIZED IN USER 
PROCRAM-OffICE GENERATED BASELINE DESIGN 

2 

IDENTIFICATION OF TECHNOLOGY 
OPTIONS 

LIST OF SUBSYSTEM TECHNOLOGY OPTIONS WHICH MAY 
REDUCE RISK AND/OR ENHANCE THE BASELINE MISSION 

3 

BASELINE TECHNOLOGY 
COMPONENT /COMPONENT OPTION 
STATE-OF-OEVEIOPMENT 
ASSESSMENT 

IDENTIFICATION OF COMPONENT STATE-OF DEVEIOPMENT 
AT PROJECT START ON A STANDARD 7-DEVELOPMENT 
ICVEL SCAtl IFOR SCAU, SEE APPENDIX 1 

4 

BASELINE TECHNOLOGY 
COMPONENT /COMPONENT OPTION 
CO/.WITMENT CONDITION ASSESS/MENT 

EVALUATION Of COfAPONENT SATISFACTION Of 7 CONDITIONS 
ESSENTIAL FOR COM. JNcNT CO/MMITA4EN? TO A PROJECT 
AT LOW RISK (FUl' CONDITIONS, SEE APPENDIX 1 

5 

BASELINE TECHNOLOGY 
COMPONENT /COMPONENT OPTION 
RISK ASSESSMENT 

EVALUATION Of COMPONENT RISK (HIGH, MEDIUM. LOWI 
IN THE AREAS OF TECHNOLOGY. ENGINEERING. PERSONNEL. 
AND FORESEEABU PROBLEMS (FOR CRITERIA SEE APPENOIXI 

6 

TECHNOLOGY MATURITY 
COMPARISON 

COMPARISON OF THE MATURITY AT PROJECT START, 

BASED ON THE SCALE OF PRODUCT 3. OF THE TECHNOLOGIES 
OF WHICH THE BASELINE DESIGN IS COMPRISED VVIIH (HE 
MATURITY AT PROJECT START OF THE TECHNOLOGIES 
Of PREVIOUS JPL MISSIONS 

7 

TECHNOLOGY OPTION 
BENEFIT ..ATING 

PRIORITIZATION OF TECHNOLOGY OPTIONS BY THE 
DEGREE TO WHICH THEY PROVIDE MISSION BENEFITS 
d.e.. INCREASED SCIENCE INFORMATION OUANTITY AND/OR 
QUALITY AT REDUCED COSTI FOR THE MISSION OF 
INTEREST 

8 

DEVELOPMENT PROGRAM 
RECOi.'MNDATIONS 

RECOMMENDED NEW INITIATIVES. INITIATIVE AUGMENTATIONS. 
AND/UR INIIIATIVE REVISIONS WHICH MAY REDUCl RISK TO Afl 
ACaPTABlf lEVLI FOR. AND/OR ENHANCE. THE BASIIINE MISSION 

1 * FOR APf'HOACH, StE APPENDIX | 


JLW 
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VOIR/SEASAT FOLLOW>ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 

STATUS 


PRODUCT 

STATUS / 
tXPECTED 
COMPlfilON 
DATE 

COM/AEHTS 

1 

ESSEMTIAUY 

COMPinE 

COMPONENTS /DESIGN APPROACHES UNDEFINED IN OSS/5L - SPONSORED FY 77 
PRE-PROJECT ACTIVITY AT JPl CURRENTLY BEING DEFINED IN FY 78 EFFORT 

2 

IM PROGRESS/ 
fAARCH 1978 

• KEY OPTIONS: ON BOARD SAR PROCESSOR. UNIFIED DATA SYSTEM, AEROBRAKE, 
DYNAMIC POWER SPACE STORABLE PROPULSION 

• INVESTIGATION OF NASA-RELATED DOD TECHNOLOGIES JUST BEGINNING 

• HEADQUARTERS REVIEW/AUG/AENTATION OF PRESENT OPTIONS U^^T IS 
REQUESTED (FOR LIST, SEE APPENDIX) 

3 

IN PROGRESS/ 
/4ARCH 1978 

BASELINE TECHNOLOGY COMPONENT STATE -OF-DEVELOP/WENT ASSESSMENT 
NEARLY COMPLnE. OPTIONS ASSES SMEFN ONGOING 

4 

IN PROGRESS/ 
STARCH 1978 

BASELH« TECHNOLOGY CO/APONENT /COMPONENT OPTION COMMITMENT 
CONDITION ASSESSMENT ONGOING 

5 

IN PROGRESS/ 
/lURCM 1978 

BASELINE TECHNOLOGY COMPONENT /COMPONENT OPTION RISK ASSESS84ENT 
fJN GOING 

6 

IN PROGRESS/ 
MARCH 1978 

TECHNOLOGY MATURITY COMPARISON ONGOING 

1 

IN PROGRESS/ 
FEBRUARY 1978 

IN PROGRESS/ 
APRIL 1978 

IDENTIFICATION/WEIGHTING Of CRITERIA FOR ASSIGNMENT OF OPTION 
BENEFIT RATINGS JUST UNDERWAY 

8 

DEVELOPMENT PROGRAM RECOMMENDATIONS CURRENTLY EMERGING 


JLW 

1/12/78-6 


300 


VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 



APPENDIX 
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VOIR/SEASAT FOUOW-ON TECHNOLOGY 
READINESS STUDY - PART 1; VOIR 

APPENDIX CONTENT 


• STUDY APPROACH 

• PRODUCT 2 - TECHNOLOGY OPTIONS LIST 

• PRODUCT 3 CRITERIA - COMPONENT STATE-OF-DEVELOPMENT SCAIE 

• PRODUCT 4 CRITERIA - CRITERIA FOR COMPONENT COMMITMENT TO A PROJECT 

• PRODUCT 5 CRITERIA - CRITERIA FOR COMPONENT RISK ASSESSMENT 


Jtw 

I/I2/78-AI 




302 


VOIR/SEASAT FOUOW-ON TECHNOLOGY 
READINESS STUDY - PART 1; VOIR 

STUDY APPROACH 



OiXHNAL PAGE lb 
Oi POOR QUALITY 











VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 

PP.ODUCT 2 - TECHNOLOGY OPTIONS LIST 
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STRUCTURE R&l 
• METAl-llNED COMPOSITE 
PROPELUNT TANKS 
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SENSING & DETECTION fl&T 
VM OPTIONS IDENTIFIED) 
















GUIDANCE S CONTROL R&T 
ITO BE INVESTIGATED) 
















DATA REDUCTION & DISTRIBUTION RAT 

• ON-BOARD SAR IMAGE PROCESSOR 

• DIGITAL DATA SYSTEMS lUNIf IlD 
DATA SVSIIM) 

• DIGITAL RAUIO 

• Ku-BAND PIANAR ARRAY ANTENNA 

• OTHER 

X 

X 

X 

X 

X 
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X 

X 

X 





X 

? 

X 

X 

X 

X 

f 

chemical propulsion rat 

• f LOURINf ^IYORA^iNE~RETRO- 
PRuPUlSIUN IlCHNOLOGifS 

X 




X 









X 


ElECTRIC PROPULSION RAT 
•'Eire Tf! IC'PROPULS ION 



X 




X 









X 



< ClASSIf ICO BY OASI SPACE RAT PROGRAM/OISCIPLINC OBJtCIIVE. SOURCES INCLUDE "SRAT 
riCIINOlOCY PROGRAM AND SPECIFIC UUJECTIVES," OAST, FV *78; ‘VOIR ISS) MISSION AND 
SVSUM SHiOY.-OCI 1978; “SEASAI-B OPIlONS PHASE FINAL REPORT,” JUNE 1977 
X INOICAIISMISSION/SUBSYSIEM APPLICABILITY AND FUNDING STATUS 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 

PRODUCT 2 - TECHNOLOGY OPTIONS LIST (conld) 



lECmOLOCY OPIlONS 


SPACt {HtRcV lYSKMS «tl 

• BRAYTON ISOtOPL PQWtR 
SVSKM IBIPSI 

• KIKMAII tSOfOPf POWER 
SYSHM IKIPSI 

• AUIOMAUO POWfR SYSIIM 
MANACfMNI 

• OhUH 

MUCUAfc flA RCY BAI 

(NO options lOlNIIFKOI 
HICM POW IH lA SIBS t 
tWtRCIIICS W.l 

(10 Bl IIIViSIICAifU 
{MIRY Rtt 

(to Bl INVtSIICAUCH 

ttfCIR ONlC SYSItMS 
ICCHHOIOCY 

iroBL iNvisriOAitot 

lAAWRIAlS AHD SIRUCIURtS 
SYStfMS »C ( NOIOCV 
iio8> iNvtsricArcot 

PRQPUISIQH AHO PO W{R 
SYStf MS tfc xnoiocY 

• flOUHINi HYDftAZlW ' 
RLIRO PROPUISKM (SPACE 
SIORAbU BIPROPtlUNI 
P«0»^JISI0»il 

• A(ltO«RAK( 


MSSION 

APPlICASlllfV 


VOIR 


SEASAI 

fOLlOKI 

ON 




II 


tNCINCEAlNC SUBSYSIEM 
APPItCAMtllY 


VOiR 


'=*1*8 

a||i 




StASAI FOUOW-ON 



riMWNC 

SMfUS 


EUMXMl 


X 

X 

X 


UNFUNDEd 


> ClASS(MIO BY OASI SPACE RAt PROCRAM/D I SCI PL IM OBJtCIIVf. SOURCES INCIUOE "SR&f 
UCHNOIOOY PkOCRAM AND SPICIEIC 08JLCIIVES."0ASI. EY 'n-.'VOIR !«} lAISSlOlt AND 
SYSIEM SlUbY/'OCI lY/S; "yASAI-B OPIlONS PHAU FINAL RIPORI," JUNE IflE 
X INDICAIISMISSION/SUgSYSrtAtAPPlICABIlltY ANOEUNOINC STAIUS 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 


PRODUCT 3 CRITERIA - COMPONENT 


STATE-OF-DEVELOPMENT SCALE 


STATE-OF- 

OEVELOPMENT 

LEVEL 

DEFINITION 

HARDWARE* 

SOFTWARE 

1 

BASIC PRINCIPLES OBSERVED AND REPORTED 

BASIC THEORY DEVELOPED AND PUBLISHED 

2 

CONCEPTUAL DESIGN FORMULATED 

APPLICABILITY TO SPECIFIC PROBLEMS 
PROPOSED 

3 

CONCEPTUAL DESIGN SUBJECTED TO ANALYTICAL 
INVESTIGATION AND/OR EXPERIMENTAL TEST 

USED TO IDENTIFY PARTS OF EXISTING MISSION 
DESIGN 

4 

CRITICAL FUNCTION OR CHARACTERISTIC 
DEMONSTRATED (i.e., GROSS DESIGN FEASIBILITY 
ESTABLISHED) 

FAVORABlf COMPARISON WITH AVAILABIE 
MISSION RESULTS ATTAINED 

5 

PROTOTYPE /BREADBOARD SUCCESSFULLY TESTED 
(i.e., PERFORMANCE AND LIFETIME REQUIRED 
BY THE MISSION OF INTEREST DEMONSTRATED) 

IN THE RELEVANT, GROUND-SIMULATED ENVIRONMENT 

ANALYSES REQUIRED FOR REFERENCE FUTURE 
MISSION PERFORMED 

6 

ENGINEERING MODEL SUCCESSFULLY TESTED 

IN THE REIIVANT, GROUND-SIMULATED ENVIRONMENT 

DEMONSTRATION THAT All FUNCTIONS REQUIRED 
FOR REFERENCE FUTURE MISSION CAN BE PER- 
FORMED TO THE REQUIRED ACCURACY 

7 

ENGINEERING MODEL SUCCESSFULLY FLIGHT TESTED OR 
SUCCESSFULLY FLOWN IN THE SPACE ENVIRONMENT 

SOFTWARE USED IN SUPPORT OF AT LEAST 
ONE PREVIOUS MISSION 

' ABSTRACTED FROM GD CONVAIR RPT. No. CASD NA5-75-016. ‘TUTURE PAYLOAD TECHNOLOGY 
REQUIREMENTS STUDY." JUNE 1975. 


8 
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART I; VOIR 



PRODUCT 4 CRITERIA - CRITERIA FOR COMPONENT 
COMMITMENT TO A PROJECT 


COMMITMENT 

CONDITION 

DEFINITION 

1. 

THE COMPONENT STATE OF DEVELOPMENT MUST CORRESPOND TO 
A LEVEL OF 5 OR HIGHER ON THE APPROPRIATE HARDWARE OR 
SOFTWARE COMPONENT STATE -OF -DEVELOPMENT SCALE 

2. 

THE COMPONENT MUST NOT PLACE REQUIREML.TS ON 
OTHER SUBSYSTEMS WHICH REQUIRE THEIR ADVANCEMENT 
BEYOND THE STATE-OF-THE-ART 

3. 

COMPONENT PIECE PARTS (OR THEIR EQUIVALENTS) MUST 
BE AVAILABlf (AND REMAIN SO) AND MUST MEET PROJECT 
QUALITY REQUIREMENTS 

4. 

THERE MUST BE NO UNSOLVABLE PROBLEMS TO THE 
COMPONENT SURVIVING AND FUNCTIONING IN THE EXPECTED 
ENVIRONMENTS 

5. 

COMPONENT MASS, POWER. AND VOLUME ESTIMATES MUST 
BE COMPATIBLE WITH SYSTEM PERFORAAANCE CAPABILITIES 

6. 

COMPONENT DEVELOPMENT COSTS AND SCHEDULE MUST BE 
CONSISTENT WITH THE PROJECT PLAN AND ANTICIPATED 
RESOURCES 

7. 

COMPONENT MANUFACTURING REQUIREMENTS MUST NOT 
EXCEED INDUSTRY CAPABILITY IN QUALITY OR QUANTITY 


3 








VOIR/SEASAT FOLLOW-ON TECHNOLOGY 
READINESS STUDY - PART 1: VOIR 


PRODUCT 5 CRITERIA - CRITERIA FOR COMPONENT 

RISK ASSESSMENT 


% 

7 ^ 








03 

CJ 



UVCIS or RISK 


low 

MEDIUM 

HIGH 

ItCIINOlOGY 

KCHNOIOCY LXISIS AND HAS 
MMONSTKAirO IHE PERfORMANCe 
AND LliniMf RLUUIRED BY IHE 
MISSION (« INIERESI. CORRES 
KjNOING 10 A SIAfE or DEVELOP 

men; ifvEi or s OR hiuier. 

lECHNOlOGY EXISTS ONLY AS A 
CONCEPTUAL DESIGN UNDERGOING 
EVALUATION. CORRESPONDING TO 
LEVELS 2 A 

EECHNOEOCY DOES NOT EXIST AND 
MUSI BE DEVELOPED FROM BASIC 
PRINCIPIES. CURRESPONDINC 10 
lEVEE 1. 

lECHNOUJCY OPIlONS OR AUER 
NATIVES EXIST. 

TECHNOLOGY OPIlONS OR ALTERNATIVES 
EXIST ONIYAS CONCEPIUAE DESIGNS 

TECHNOLOGY OPTIONS OR 
AEFERNAMVfS DO NOI EXIST. 


PARALIEl TECHNOLOf-Y OCVEIOP- 
MEmS ARi fEASiBU WITHIN 
ANIICIPAIED RESOURCES AND 
SCHEOUIE. 

ANTICIPATED RESOURCES AND SCHEOUEf 
ARE MARGINAL FOR PARALIEL TECHNOEOGY 
DEVELOPMENTS. 

PARAlifL TECHNOEOGY 
DEVELOPMENTS ARE NOT TEASIBU. 

INCINKRINC 

PKOBIEM IS COMMO'MACE AND 
MAY BE SOIVED BY 1 C APPLICA 
HON or ANY ONE or NUMBER OT 
ROUTINE DESIGN APPROACICS 

PROBLEM IS SOMEWHAT NOVEL AND 
REQUIRES A DESIGN APPROACH 
SHOWING SOME INGENUIEY AND 
CREAEIVIIY. 

PROBLEM IS NOVEl, AITHOUCH 
SOlUflONS BASED ON EXISTING 
TECHNOEOGY DO EXIST, AND REQUIRES 
A DESIGN APPROACH Of CONSIDERABIE 
INGENUITY AND CREATIVITY. 

HRSUNNTI 

KRSONEtl WHO ARE CONSIDERED 
EXPERTS IN THEIR HELDS AND 
WHO HAVE SUCCESSrUlLY 
SUPPORTED SIMITAR PROJECTS 
ARE AVAILABIE. 

PERSONNEI or HICHQUAI IEV. BUI 
EIMIEED APPLICABU EXPERIENCE. 
ARE AVAIIABIE. 

PERSONNEL Of UNKNOWN OR QUESIIONABIE 
CAPABIUTIES ARE AVAIIABU 


COMMITMENT Of ABOVE -HRSONNEl 
TO PROJECT fOR IIS DURATION 
WOOED BE lIRM. 

PERSONNEL COMMIIMENT EO PROJECE 
IS CONOIIIONAL 

PERSONNI^E COMMITMENT TO PROJECT 
IS UNOnERMINEO. 

KjKLSnAliti 

PKOBUMS 

ENOUGH IS KNOWN TO EORESEE ALE 
MAJOR PROBlfMS AND ACCURATELY 
ASSESS RISKS. 

ENOUGH IS KNOWN TO EORESEE MOST 
MAJOR PROeiEJWS AND ASSESS RISKS 
WITH SOME ACCURACY. 

NOT CriOUCH IS KNOWN 10 FORESU 
MAJOR PROBIEMS OR ASSESS RISKS 

ENOUGH IS KNOWN 10 FORESEE 
MOST MINOR PROBLEMS. 

ENOUGH IS KNOWN EO EORESEE SOME 
MINOR PROBUMS. 

NOT ENOUGH IS KNOWN TO FORESEE 
MINOR PROBIEMS. 
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PRESEMTATION TO OAST -CODE RX 



STUDY, ANALYSIS, AND PUNNING OFFICE 
STUDY PUNS 

AAARS SAAAPLE RETURN TECHNOLOGY READINESS STUDY 

RTOP No. 790-40-25 (-02) 

FUNDING: 40K FY 78 

JOHN L WEST 
JANUARY 12, 1978 
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MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY 

PRESENTATION OVERVIEW 



• STUDY OBJECTIVES 

• APPROACH 

• PRODUCTS 

• SCHEDULE 
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MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY 

STUDY OBJECTIVES 


general • PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE ADVANCED 

DEVELOPMENT PROGRAM AND INSURING ITS RELEVANCE TO AGENCY NEEDS 


SPECIFIC • PERFORM READINESS ASSESSMENT OF EACH OF THE MISSION OPTIONS 
FOR THE NEXT MARS MISSION CURRENTLY UNDERGOING EVAUIATION 
BY JPL UNDER OSS/SL - SPONSORSHIP IN THE FY 78-79 MARS 
PROGRAM 

• provides Ar' EVALUATION OF THE MATURITY AT PROJECT START 
AND RISKS OF UTILIZATION OF THE TECHNOLOGIES UPON WHICH 
EACH MISSKN OPTION. INCLUDING MARS SAMPLE RETURN. IS 
BASED 

• IDENTIFIES. FOR MUTUAL OAST /USER PROGRAM OFFICE CONSIDERATION. 
DEVELOPMENT PROGRAMS WHICH WILL REDUCE IDENTIFIED RISKS TO 

AN ACCEPTABLE i 'El, OR IF AN ACCEPTABLE LEVEL IS NOT ACHIEVABLE 
TO THE LOWEST IfVEL POSSI BLE AT PROJECT START 


JLW 
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MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY 

APPROACH 




UTILIZE METHODOLOGY CURRENTLY BEING APPLIED BY JPL UNDER OAST/RX 
SPONSORSHIP TO ASSESS TECHNOLOGY READINESS AND RISK FOR THE VOIR 
AND SEASAT FOLLOW-ON MISSIONS 


PERFORM ASSESSMENT INDEPENDENT FROM BUT IN PARALLEL WITH, AND 
UTILIZING RAW DATA GENERATED BY, THE OSS/SL - SPONSORED FY '78 
MARS PROGRAM WHICH HAS AS AN ESSENTIAL OBJECTIVE THE DEFINITION 
OF THE NEXT MARS MISSION 


CONSIDER THIS STUDY AS TASK 1 OF A POTENTIAL TWO-TASK STUDY 

• TASK 1 (FY'73, 40 K) - READINESS ASSESSMENT TO EVALUATE TECHNOLOGY 
MATURITY AND RISK FOR EACH USER-PROGRAM-OFFICE GENERATED MISSION 
OPTION FOR THE NEXT MARS MISSION AND TO FORMULATE RECOMMENDATIONS 
FOR DEVELOPMENT PROGRAMS THAT MAY REDUCE IDENTIFIED RISKS 

• TASK 2 IFY'79, uO K - PERFORMANCE TBDI - BENEFITS ASSESSMENT TO EVALUATE, 
GIVEN THAT CIRCUMSTANCES INDICATE A BENEFIT TO THE FY'78-79 MARS PROGRAM 
EFFORT TO DEFINE THE NEXT MARS MISSION, THE INCREMENTAL BENEFITS, 

RISKS, AND COSTS OF IDENTIFIED TECHNOLOGY OPTIONS 
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MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY 

PRODUCTS 



PRODUCT 

TITLE 

DESCRIPTION 

1 

TECHNOLOGY COMPONENT 
AND TECHNIQUE LIST AND 
DESCRIPTIONS 

LIST OF COMPONENTS AND TECHNIQUES UTILIZED IN EACH 
USER>PROGRAM>OFF ICE GENERATED MARS MISSION 
OPTION 

2 

TECHNOLOGY COMPONENT 
STATE -OF-DEVELOPMENT 
ASSESSMENT 

IDENTIFICATION OF COMPONENT STATE-OF-DEVELOP/WENT AT 
PROJECT START ON A STANDARD 7 -DEVELOPMENT LEVEL 
SCALE (FOR SCALE. SEE VOIR/ SEA SAT PRESEWATION) 

3 

TECHNOLOGY COMPONENT 
COMMITMENT CONDITION 
ASSESSMENT 

EVALUATION OF COMPONENT SATISFACTION OF 7 CONDITIONS 
ESSENTIAL FOR COMPONENT COMMITMENT TO A PROJECT AT 
LOW RISK (FOR CONDITIONS. SEE VOIR/SEASAT PRESENTATION) 

4 

TECHNOLOGY COMPONENT 
RISK ASSESSMENT 

EVALUATION OF COMPONENT RISK (HIGH. MEDIUM. LOW) 
IN THE AREAS OF TECHNOLOGY. ENGINEERING. PERSONNEL. 
AND FORESEEABLE PROBLEMS (FOR CRITERIA, SEE 
VOIR/SEASAT PRESENTATION) 

5" 

TECHNOLOGY MATURITY 
COMPARISON 

COMPARISON OF THE MATURITY AT PROJECT START. BASED 
ON THE SCALE OF PRODUCT 2. OF THE TECHNOLOGIES OF 
WHICH EACH MISSION OPTION IS COMPRISED WITH THE 
MATURITY AT PROJECT START OF THE TECHNOLOGIES OF 
PREVIOUS JPL MISSIONS 

6 

DEVELOPMENT PROGRAM 
RECOMMENDATIONS 

IDENTIFIES DEVELOPMENT PROGRAMS WHICH WILL 
REDUCE IDENTIFIED RISKS TO AN ACCEPTABLE 
LEVEL. OR IF AN ACCEPTABLE LEVEL IS NOT ACHIEVABLE. 
TO THE LOWEST LEVEL POSSIBLE AT PROJECT START 

+ VAIUE UNCERTAIN, PERFORMANCE TO BE DETERMINED 
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MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY 

SCHEDULE 



Ml IfSTONES 

FY 78 

0 N 1 D J F M 1 A 1 M 1 J 1 J 1 A S 

TASK IIFY'78) 


• START STUDY 

V 

• GENERATE STUDY 


GUIDELINES 


• COLIECT MISSION/ 

S7 

TECHNOLOGY OPTION 


DESCRIPTIONS 


• PERFORM READINESS 

V 

ASSESSMENT 


• GENERATE CONCLUSIONS 


AND RECOMMENDATIONS 


• PREPARE FINAL REPORT 

S7 

TASK 2 (FY 79) 


(PERFORMANCE TBD) 
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PRESENTATION TO OAST-CODE RX 
STUDY. ANALYSIS. AND PLANNING OFFICE 


STUDY PLANS 

TECHNOLOGY NEEDS FOR SAAAPLE RETURN MISSIONS 

(ADVANCED SAMPLE RETURN CONCEPTS) 


RTOP No. 790-40-i5(-04) 
FUNDING; 50 K FY 78, 40 K FY 79 

JOHN L. WEST 
JANUARY 12. 1978 



TECHNOLOGY NEEDS FOR SAMPLE RETURN MISSIONS 

PRESENTATION OVERVIEW 


• STUDY OBJECTIVES 


• GUIDELINES 


• APPROACH 


• SCHEDULE 
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TECHNOLOGY NEEDS FOR SAMPLE mOkW MISSIONS 

STUDY OBJECTIVES 


GENERAL • PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE 

ADVANCED DEVELOPMENT PROGRAM AND INSURING ITS 
RELEVANCE TO AGENCY NEEDS 


SPECIFIC • ASSESS ADEOUACY OF CURRENT OAST TECHNOLOGY 

DEVELOPMENT PROGRAM TO SUPPORT SAMPLE RETURN 
MISSIONS AS A CLASS AND GENERATE RECOMMENDATIONS 
FOR PROGRAM NEW INITIATIVES/AUGMENTATIONS/REVISIONS 
TO FILL VOIDS OR GAPS SHOULD THEY BE IDENTIFIED 


CO 

05 
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"!?CHK'C‘'.OGY NEEDS FOI! SAM?EE n'TURN MISSIONS 

GUIDEUNI^S 



AREA 

cut DELI NE 

SELECTION OF DRIVER 
SET OF SAMP!!: 
OURN MISSIONS 

• DRIVER SAMPLE RETURN MISSION SET TO INCLUDE ONLY THOSE MISSIONS 
FEASIBLE FROM A PERFORMANCE STANDPOINT UTILIZING PROPULSION SUB- 
SYSTEMS EITHER CURRETITLY EXISTING OR UNDER DEVELOPMENT li.e.. 
CONVENTIONAL LIQUIDS AND SOLIDS, SPACE STORA8LES, ION DRIVE) 

• DRIVER MISSION SET TO INCLUDE MISSIONS HAVING IDENTIFIED 
Ml SSION OPPORTUNITIES IN THE MlO-80's TO MID-90*S TD/l FRAME 

• TENTATIVE MISSION SET TO INCLUDE MARS. VENUS. LUNAR, COMET. AND 
ASTEROID MISSIONS (ASSUMING ABOVE CONDITIONS METl 

SOURCE OF MISSION 

PERFORMANCE 

INFORMATION/ 

MISSION 

UEFINITIONS 

• COMPLaEO/CONCURRENT STUDIES, PERFORMED UNDER PROGRAM 
OFFICE SPONSORSHIP 

• MARS - JPL FY *78-'79 MARS PROGRAM ACTIVITY lOSS'SL) 

• VENUS - SAI" FY '78 VENUS DESCENT AND ASCENT STRATEGIES 
STUDIES lOSS'SLI 

• LUNAR - JPL FY '77 LUNAR SAMPLE RHURN STUDIES lOSS/SL* 

PROGRAM 684) 

• COMET - JPL FY '78 ENCKE COMET SA/4PLE RHURN STUDIES (OSS/SL) 

• ASTEROID - JPL FY '77 STUDIES lUNSPONSORED). POSITIVE INCLUSION IN 
DRIVER SAMPIE RETURN MISSION SH WOULD REQUIRE OSS MISSION 
PERFORAWNCE STUDIES IN FY ‘78* '79 

EMPHASIS OF 

lECMNOLOGlES 

IWESTIGATtO 

• SPACECRAFT (VEHICLE) ENGINEERING SUBSYSTEMS (INCLUDING 
TECHNOLOGIES REQUIRED FOR 5AMPU ACQUI SI Tl ON/PROCUREMENT AND 
HANDLING) 

• NO SCIENCE SUBSYSTEMS/INSTRUMENIS 

• NO GROUND SUPPORT EQUIPMENT 

’science APPLICATIONS. INC, 


JIW 
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TECHNOLOGY NEEDS FOR SAMPLE RETURN MISSIONS 

APPROACH 



TASK 

FUNCTION 

DESCRIPTION 

1 

IDENTIFY CRITICAL 
SAMPLE RETURN 
TECHNOLOGY AREAS 

IDENTIFICATION OF THOSE AREAS WHICH MAY BE CONSIDERED PRIME 
CANDIDATES FOR SAMPLE RETURN TECHNOLOGY DEVELOPMENT. BASED 
ON THE REQUIREMENTS OF THE IDENTIFIED SET OF DRIVER MISSIONS 

2 

ASSESS TECHNOLOGY 
NEEDS IN CRITICAL 
TECHNOLOGY AREAS 

INVESTIGATION OF THE NEED FOR NEW TECHNOLOGIES IN EACH OF THE 
CRITICAL AREAS IDENTIFIED IN TASK 1 AND IDENTIFICATION OF NEW 
TECHNOLOGIES OR TECHNOLOGY IMPROVEMENTS REQUIRED TO MEET 
THESE NEEDS WHERE THEY EXCEED CAPABILITIES 

3 

COMPARE TECHNO- 
LOGY NEEDS WITH 
CAPABILITIES 
CURRENTLY UNDER 
OAST DEVELOPMENT 

COMPARISON OF TECHNOLOGY NEEDS IDENTIFIED IN TASK 2 WITH 
CAPABILITIES CURRENTLY UNDER OAST DEVELOPMENT TO IDENTIFY 
PROGRAM DEFICIENCIES. SHOULD THEY EXIST, IN PROVIDING NEEDED 
CAPABILITIES TO SUPPORT THE DRIVER SET OF SAMPLE RETURN 
MISSIONS 

4 

GENERATE 

RECOMMENDATIONS 
FOR PROGRAM AUG- 
MENTATION/INITIA- 
TIVE REVISION TO ' 
FILL IDENTIFIED 
SAMPLE RETURN 
TECHNOLOGY NEEDS 

RECOMMENDATION OF TECHNOLOGY DEVELOPMENT NEW INITIATIVES/ 
INITIATIVE REVISIONS, RANKED BY POTENTIAL BENEFIT TO THE 
DRIVER MISSION SET, WHICH ARE ESSENTIAL TO THE SUCCESSFUL 
COMPLETION OF FUTURE SAMPLE RETURN MISSIONS 
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SAMPLE RETURN MISSIONS 
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PRESENTATION TO OAST - CODE RX 
STUDY. ANAuYSIS AND PLANNING OFFICE 

FINAL REPORT 

SURFACE EXPLORATION, PROSPEaiNG, AND ASSAYING 

(SURFACE EPA) 

RTOP NO. 790-40-33 
FUNDING: $35K 

ROY G. BRERHON 
JAN 12. 1978 
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SURFACE EXPLORATION. PROSPEaiNG. AND ASSAYING 

OBJEaiVES 


• TO DEFINE THE SCIENTIFIC INSTRUMENTS AND SUPPORT MECHANISAAS 
THAT Wia BE REQUIRED FOR AUTOMATED REMOTE-SURFACE EPA 

IN ORDER TO: 


• FORECAST POTENTIAL FUTURE SYSTEMS 
FOR THIS TASK 

• FORECAST THE TECHNaOGY NEEDED IN 
THEIR SUPPORT 


tG>; I-I2-7B 

sea »iO; p. 2 



SURFACE EXPLORATION, PROSPEOING, AND ASSAYING 

APPROACH 



• EXAMINE HOW EPA IS ACCOMPLISHED ON EARTH 

• MAN ESSENTIAL “COG" IN LOOP 

• ANALYSES FACILITY 

• FIELD INSTRUMENTS AND EQUIPMENT 

• EXAMINE HOW THIS CAN BE AUTOMATED FOR REMOTE- SURFACE EPA 

• MODEL FOR ACCOMPLISHING REMOTE-SURFACE EPA 

• FUNCTIONS 

• SCIENTIFIC INSTRU/VIENTS 

• SUPPORT MECHANISMS 

• COMPARE THE MODEL AND ITS REQUIREMENTS WITH AVAILABLE 
INSTRU/WENTS AND MECHANISMS TO GET NEW TECHNOLOGY REQUIREMENTS 


M 

20 
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SURFACE EXPLORATION, PROSPECTING, AND ASSAYING 

REPORT 


• INSTRUMENT lECHNOLOGY FOR REMOTE-SURFACE EXPLORATION. PROSPECTING. 


AND ASSAYING - PART A - JPL 710-7. 28 OCT 77 

0 TABLE OF CONTENTS 

SECTION TITLE PAGE 

1 INTRODUCTION 1 

II EPA MAJOR FUNCTIONS 12 

III DESCRIPTION OF EPA SCIENTIFIC INSTRUMENTS 25 

/V TECHNOLOGY OPPORTUNITIES FOR SCIENTIFIC INSTRUMENTS 69 

REFERENCES 84 

TABLE I - EPA FUNCTIONS AND INSTRUAAENTS 5 

TABLE II - SURFACE EPA INSTRUMENTS 7 

TABLE III - TECHNOLOGY CHART 11 

TABLE IV - GEOPHYSICAL PROSPECTING METHODS 18 

TABLE V - VIKING LANDER CAMERA 30 

g TABU VI - SCIENTIFIC INSTRUMENTS STATUS 73 

AND TECHNOLOGY OPPORTUNITIES 
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SURFACE EXPLORATION, PROSPECTING, A 

REMOTE SURFACE ERA M( 
FUNCTIONS AND INS^RU^ 


MAJOR FUNCTION DESCRIPTION OF FUNCTION 


lAAAGING VIEWING OF THE REMOTE SURFACE. SAMPLES 

AND SKY FOR THE FIELD GEOLOGY 
FUNCTIONS AND PHOTO GEOLOGY. TO 
ASSIST IM THE SELECTION, ACQUISITION, 
^ND ANALYSIS OF THE SAMPLES, TO AID IN 
ItJSTRUMENl HANDLING AND PLACEMENT, 
AND FOR NAVIGATION, GUIDANCE AND 
POSITIONING 


GEOCHEA4ISTRY DETERA/INATION OF THE MINERALOGY/ 

PETROLOGY, THE ELEMENTAL/ISOTOPIC 
COMPOSITION, THE MINERAL PHASES, 

THE STRUCTURE AND TEXTURE, AGE-DATING 
AND THE ASSAYING OF REMOTE SURFACE 
MATERIAL 


CO 

w 


ASSAYING 



TYPICAL INSTRUMENTS OR 
MECHANISMS 


1. VIDICON CAMERA 

2. FACSIMILE CAMERA 

3. CCD CAMERA 


1. X-RAY DIFFRACTOMETER 

2. X-RAY SPECTROMETER 

3. PETROGRAPHIC 
MICROSCOPE 

4. ELECTRON MICROPROBE 

5. ION MICROPROBE 
A. PULSED NEUTRON/ 

GAMMA KAY SPECTRO- 
METER 

7. MASS SPECTROMETER 
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SURFACE EXPLORATION, PROSPECTING. AND ASSAYING 

REMOTE SURFACE ERA MODEL, 
FUNCTIONS AND INSTRUMENTS 


MAJOR FUNCTION DESCRIPTION OF FUNCTION 


TYPICAL INSTRUMENTS OR 
MECHANISMS 


GEOPHYSICS 


DETERMINATION OF THE GEOPHYSICAL 
PARAMETERS BODY PHYSICS THAT ARE 
IMPORTANT IN ORE SEARCH AND REMOTE 
SURFACE EPA 


1. SEISMOMETER 

2. GRAVIMETER 

3. MAGNETOMETER 

4. ELECTRIC METHODS 

5. ELECTROMAGNETIC 
METHODS 

6. RADIOACTIVE METHODS 

7. WELL LOGGING 
METHODS 


FIELD GEOLOGY 


PROVIDES THE GEOLOGIC CONTEXT FOR ALL 
MEASUREMENTS, INCLUDING THE INSTRUMENTS 
AND TECHNIQUES FOR RECONNAISSANCE AND 
SURFACE MAPPING, PRELIMINARY MINERAL 
AND ROCK IDENTIFICATION, AND THE SITE 
SELECTION FOR SAMPLING AND 
EXPERIMENTING 


1. HAND LENS 

2. BRUNTON COMPASS 

3. SAMPLE AND COMPASS 
MANIPULATOR 

4. RECORD/MAP 

5. ODOMETER 

6. SPIRIT LEVEL (WYE 
LEVEL) 

7. TRANSIT 
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SURFACE EXPLORATION, PROSPECTING, AND ASSAYING 

REMOTE SURFACE ERA MODEL, 
FUNCTIONS AND INSTRUMENTS 


MAJOR FUNCTION 

DESCRIPTION OF FUNCTION 

TYPICAL INSTRUMENTS OR 
METHOD 

SAMPLE 

ACQUISITION 

TO ACQUIRE SURFACE AND SUBSURFACE 
SAMPLES OF MATERIAL FROM REMOTE SURFACES. 
SAMPLES MAY INCLUDE ORIENTED CORES, 
CHIPPED SEaiONS FROM OUTCROPS, 

SELECTED MATERIAL FROM THE SURFACE, OR 
HOMOGENIZED REGOLITH MATERIAL 

1. CORE DRILL (DIAMOND- 
DRILL) 

2. ROTARY DRILL 

3. CABLE DRILL 

4. AUGER 

5. DRIVE TUBE 

6. SURFACE SAMPLER 

7. ROCK. CHIPPER 

SAMPLE 

PREPARATION 

TO PREPARE SAMPLES BY CRUSHING, SIEVING, 
SLICING, LAPING ENCASING, ETC FOR 
ANALYSIS 

1. ROCK CRUSHER 

2. SIEVER 

3. SAMPLE SAW 

4 . ROCK THIN SECTIONING 

5. SLIDE MOUNTING 

6. BRUSH 

7. LAPIDARY WHEEL 

SAMPLE HANDLING 
AND STORAGE 

PROVIDES PRECISION MANIPULATION OF 
SAMPLES TO ANALYSIS INSTRUMENTS, 
CONTAINERS FOR SAMPLES THAT WON’T 
CONTAMINATE RESULTS, ROUTING FROM 
THE ACQUISITION AND PREPARATION 
INSTRUMENTS TO THE ANALYSIS INSTRUMENTS 
AND STORAGE WITH STORAGE RECALL 

1 . VIEWING STAGE 

2. SAMPLE CONTAINERS 
(VARIOUS) 

3. STORAGE BOX 
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SURFACE EXPLORATION, PROSPECTING, Al 

REMOTE SURFACE ERA MC 
FUNCTIONS AND INSTRUM 


MAJOR FUNaiON DESCRIPTION OF PUNaiON 

EXPERIMENT TO OFM.OAD AND RETRIEVE INSTRUMENTS 

HANDLING AND VARIOUS EQUIPMENT AS REQUIRED - I.e. 

PLACING CHARGES AND SENSORS FOR 
ACTIVE SEISMIC PROSPECTING 


NAVIGATION AND DETERMINATION OF RANGE, LATITUDE/ 
POSITIONING LONGITUDE, POSITION ON A GRID, ETC., 

FOR MAPPING AND ALL SURFACE EPA 
ACTIVITIES 


OTHERS SPECIAL EXPERIMENTS OR HANDLING AND 

PROCESSING EQUIPMENT THAT DOESN'T FIT 
INTO THE ABOVE CATEGORIES 


r.o 



TYPICAL INSTRUMENTS OR 
METHODS 

I. VARIOUS FOR 

a) GEOCHEM SENSORS 

b) GEOPHYSICS SENSORS 
e) FIELD GEOLOGY 

d) SURVEYING 

1 . LASER RANGiNG 

2. RADAR RANGING 

3. RADIO RANGING 

4. SURVEYING 

5. LAND MARK (WITH 
IMAGING) 

6. CELESTIAL 

7. DEAD RECKONING 
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SURFACE EXPLORATION, PROSPECTING, AND ASSAYING 

SUMMARY 

SCIENTIFIC INSTRUMENTS, NEW TECHNOLOGY AND PROBLEMS 


SCIENTIFIC INSTRUMENTS 











w^/^/ /# 




S/A<V. 




■^7 


z 

r ’ 











IMAGING 






( 

( 

f 

f 

f 

r 

1. VIDICON 










M 

1 

2. FACSIMILE 










M 

1 

3. CCD 

X 

X 



X 

X 




M 

1 

GEOCHEMISTRY 












4. X-RAY DIFFRACTOMETER 

X 

X 

X 

X 

X 

M 

X 

X 




5. X-RAY SPECTROMETER 

X 

X 

X 

X 

X 

X 

X 

X 




6. RADIOACTIVE SURVEY 



X 

X 






X 


7. PETROGRAPHIC MICROSCOPE 





X 

M 

X 

M 

M 



8. MASS SPECTROMETER 



X 


X 

M 

X 

M 




9. SCANNING ELECTRON MICRO- 





M 

M 

X 

M 

X 



SCOPE/MICROPROBE/MASS 













X » 
M » 
1 = 


2 = 


SOME 
MAJOR 
DATA RATE 
AND 

GROUND 

CONTROL 

DEEP 

DRILLING 
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SURFAa EXPLORATION, PROSPEaiNG, AND ASSAYING 

SUMMARY 


scientifk: instruments, new technology atjo problems 


7 


SCIENTIFIC instruments 






GEOCHEMISTRY 









10. ION MICROPROBE/MASS 
ANALYZER (IMMA) 


M 

M 

X 

X 

X 



1 1 . PULSED NEUTRON GAMAA RAY 
SPECTROA^ETER 

X X 


X 




X 


12. ALPHA -PARTICLE BNCK- 
SCATTER SPECTROMETER 

X 


X 


X 


X 


13. AGE -DATING 


M 

M 

M 

M 

M 



GEOPHYSICS 









14. SEISMIC 



X 




M 


15. GRAVIMETERY 

X X 

X 

X 






16. MAGNETOMETERY 

X 








17. ELECTRIC AND ELECTROMAGNETIC 

X 

X 

X 




M 


18. V7ELL LOGGING 


X 

X 




X 

2 


X = SOME 
M = MAJOR 

1 = data rate 

and 

GROUND 

CONTROL 

2 » DEEP 

DRILLING 
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SESSION’ 'S' - SCIENCE AND EXPLORATION 

Spaceboren Antenna and Microvave Systems Technology Study 
(r. Edelson, JPL) ^ 

DISCUSSION: 0. Williams stated that composite manufacturing 

may be possible in space before the year 2000. Mr. Edelson 
proposed a technology development plan for FY 79, i.e., steps 
leading up to a 300-m antenna. It was mentioned that OSS has 
funded studies in other region? of the microwave spectram, 
as has OSTDS for DSN uses. Stan Sadin stated that OAST cannot 
afford to fund development plans; instead, it is interested 
in feeding programs such as ESS and LSST. Mr. Aviv mentioned 
that a related study concerns a 180-m space-based radar system 
using adaptive antenna design. 


Extrasolar Planetary Detection (J. Murphy, ARC) 

DISCUSSION: Stan Sadin commented that this study could lead 

to an OSS mission. 


VOIR Technology Readiness Study (J. West, JPL) 

DISCUSSION: Stan Sadin mentioned that the readiness methodology 

developed by JPL was excellent, and recommended it for ail such 
studies. This raised the question of whan it was published; 

J. West said the present version would be published in May 1978, 
which some people felt was not scon enough. 


Mars Sample Return Technology Readiness Study (J. West, JPL) 

DISCUSSION; Readiness studies must use program office base- 
line designs, unless specific agreement to do otherwise is 
obtained from OAST and the program office. 


Technology Needs for Sample Return Missions (J. West, JPL' 

DISCUSSION: As part of this study, the JSc expertise on 

sample acquisiton and handling will be utilized. 

Surface Exploration, Prospecting, and .-.ssaving (?. y.eexs , JPL) 


DISCUSSION: None. 
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Discussion of FY 79 Plans in Science and Exploration 

A. Hibbs presented si:^ JPL ideas: 

1. Planetary e:<ploration system study, similar to the 
present global services study; the advanced pro- 
pulsion comparative study (report, March 1973) was 
given as a reference. Stan Sadin commented that 
this appeared to be more of an OSS effort because 
it appeared to be more of a programmatic study 
than a technology study. He said a more specific 
issue involved in the future extensive exploration 
phase of the solar system, such as sample management 
which would involve ARC and JSC, would be more to 
his liking. 

2. Other uses of the lUS. 

3. Better uses of the STS. 

4. Technology readiness studies of Saturn orbiter 
dual probe, solar probe, and ion drive for Comet 
Enke mission. However, the latter was felt to have 
been adequately covered in the recent SEP/solar 
sail studies. 

5. Wind powered balloon. 

5. Autonomous operations technology enablement study. 

J. Murphy presented an ARC idea: advanced IR astronomy mission 

concepts and technology requirements. Stan Sadin stated that 
such a study should cover more of the spectrum. 


Mr. DiBattista from LaRC gave a presentation of the extended 
LDEF mission study, which will require S400K for a facility 
study. Stan Sadin said that RX has not funded this type study 
in the past, but would have to discuss the subject with various 
OAST people to see if perhaps such funding should be provided 
in the future. 
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SECTION 3 
SESSION 'X' 

REVIEW OF ANALYSIS STUDY PROGRAM 
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OAST Space Systems Technology Model 

and 

OAST Technology Forecast Handbook 


Titomas Zakrzewski 
Dave Riffelmacher 
Ray Chase 



General Research Corporation 
12 January 1978 
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OAST Space Systems 



Studies 
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OAST Space Systems Technology Model 


• PART OF THE OAST TECHNOLOGY PROGRAM PLANNING PROCESS 

• DIVIDED INTO NEAR & FAR TERM MISSION OPPORTUNITIES 

• PURPOSES 

-ASSIST IN DEVELOPING TECHNOLOGY PROGRAM OPTIONS 

-IDENTIFY MAJOR TECHNOLOGY AREAS REQUIRING CONCENTRATED EFFORTS 

- SERVE AS AN EVALUATION CRITERIA FOR CURRENT TECHNOLOGY PROGRAMS 

• MODEL IS A SET OF GENEHIC SYSTEMS 

- SELECTED TO DRIVE CRITIC Al TECHNOLOGIES 

- DESIGNED TO PROVIDE REALISTIC CHALLENGES FOR TECHNOLOGY AREAS 

• MODEL IS NOT 

- PREDICTING THE FUTURE 

- STATING NASA/OAST POLICY OR PLANS 
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OAST Space Systems Technology Model 


•KEY DATA SOURCES 

- NASA OUTLOOK FOR SPACE 

- OAST SPACE THEME WORKSHOP 

- NASA FIVE YEAR PLAN 

> NASA ADVANCED STUDIES REPORTS 
-NASA PROGRAM OFFICES 
-OAST SPACE DIRECTORS 
-NASA CENTER TECHNOLOGISTS 
-GRC TECHNICAL STAFF 





337 


OAST Space Systems Technology Model 

VOLUME I: FAR TERM 1990-2000 


EXPLORATION OF THE UNIVERSE 

1. Automaled Planetary Station 

2. Large Earth Orbital Solar Observatory 

3. Aslro|)hyslcs Space Laboratory 

4. Atmospheric Physics Laboratory 

5. Space- Based Radio Telescope 

GLOBAL SERVICES 

6. Large-Scale All Weather Survey System 

7. Iligh-Resolutlon Sea Survey System 

8. Geological Mapping System 

9. Earih Energy Budget Monitoring System 

10. Global Communications System 

11. Global Navigation System 

12. Global Crop Inventory and Production 
forecasUng System 

13. Disaster Warning System 

14. Satellite Power System 


UTILIZATION OF THE SPACE ENVIRONMENT 

15. Space Station 

16. Nuclear Waste Disposal System 

17. Teleoperator Vehicle System 

18. Lunar Base 

SPACE TRANSPORTATION SYSTEMS 

19. Single- Stage-to-OrbIt Launch Vehicle 

20. Space- Based Orbital Transfer Vehicle 

21. Heavy-Lift Launch Vehicle 

22. Advanced Escape Vehicle 

23. Advanced Low-Thrust Escape Vehicle 



OAST Space Systems Technology Model 


VOLUME II: NEAR TERM 1980*1990 


EXPLOR ATION OF THE UNIVERSE 

1. Space Telescope 
1 . Oul-of-EcliplIc Mission 

3. Solar Maximum Mission Refliyht 

4. Spacelal) Mulliuser Instrument Program 

5. Solar Prol )0 

6. Origin of Plasmas in the Earth's 
Neightmrhood (OPEN) 

7. Syno|)lic Troposphere and Terras, lace 
Environment Satellite 

8. Pinliole Satellite 

9. Solar Mesosphere Explorer 

10. Active Magnetospheric Particle 
Tracer Experiment 

11. Cosmic/X-Ray Observatory 


12. HEAO-B 

13. HEAO-C 

14. Advanced X-Ray Astrophysical Facility 

15. Cosmic Background Explorer 

16. Gamma Ray Observatory 

17. Large Area Moderate Angular Resolution 

18. Lunar Polar Orbiter 

19. Jupiter Orbiter/Probe 

20. Viking Mobile Lander 

21. Halley Rendezvous 

22. Venus Orbital Imaging Radar 

23. Mars Surface Sample Return 

24. Saturn Orbiter/Probe 

25. Extreme Ultraviolet Explorer 
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OAST Space Systems Technology Model 

VOLUME II: NEAR TERM 1980-1990 (Cont.) 


GLOBAL SERVICES 

26. Mullimission Modular Spacecraft 

27. SEASAT-B 

28. Environmental Monitoring Satellite 

29. Global Communications Land Mobile 
Services 

30. Slormsat-A 

31. Geodelic Survey Satellite 

32. Public Service Communications 
Satellite 

33. TIROS-0 

3d. Geostationary Platform 

35. Molecular Wake Shield' 


UTILIZATION OF THE SPACE ENVIRONMENT 

36. Teleoperator Orbiter Bay Experiment 

37. Advanced Spacolab Space Processing 
Payloads 

38. Space Manufacturing Module 

39. 250- kW Power Module 

40. 25-kW Power Module 

SPACE TRANSPORATION SYSTEMS 

41. Spin- Stabilized Upper Stage 

42. Solar Electric Propulsion Stage 

43. Orbital Transfer Vehicle 
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OAST Space Systems Technology Model 


• STATUS OF MODEL 


- SECOND DRAFT DISTRIBUTED TO HEADQUARTERS PROGRAM OFFICES 
AND CENTERS IN DECEMBER 

• COMMENTS FROM CENTER TECHNOLOGISTS AND HQ 
PROGRAM OFFICES ON FIRST DRAFT INCORPORATED 


- CONTENTS OF SECOND DRAFT AND COMA\ENTS COMING IN ON SECOND 
DRAFT BEING INCORPORATED INTO REVISED FORMAT 
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OAST Space Systems Technology Model 


I 


e PRINCIPAL GOALS OF REVISED FORMAT 


- PROVIDE AN OVERVIEW OF EACH OF THE SPACE THRUSTS 

- PROVIDE AS DETAILED INFORMATION AS POSSIBLE ON EACH SYSTEM 
DESCRIPTION AND THE TECHNICAL PROBLEMS WHICH MUST BE SOLVED 

-FOR EACH SYSTEM, IDENTIFY POTENTIAL SOLUTIONS, GIVING ALL KNOWN 
ALTERNATIVES 

- PROVIDE INFORMATION SOURCES AND NAMES OF COGNIZANT PERSONS 
TO CONTACT FOR MORE INFORMATION FOR EACH SYSTEM 

- GROUP TECIWOLOGY NEEDS BY FUNCTION WITHIN EACH SYSTEM 

- DISCUSS THE COMMONALITY/UNIQUENESS OF THE TECHNOLOGY NEEDS 
OF THE VARIOUS SYSTEMS BY SPACE THRUST 






Far-Term Technology Model System No. 19 


PRIORITY LAUNCH VEHICLE 


PRIMARY DESIGN REQUIREMENT: Provide economical (i.e., low cost per flightt 
Uamporialion lo and from low eerlli orbit for a wide variety of mitiions wliicli include 
sinall-to-modoraiely tire cargo and personnel. Design payload is in the range of 15 to 
100 metric tons. 


VEHI CL E CON CEPTS 

A. A fully reiisolrle. vertical takeoff horizontal landing (VTOHU, single siege to orbit vehicle (SSTOt utilizing dual inode rocket iHopulsion. 
n. A hurizmital takeoff horizontal landing (IITOIIL) SSTO with sled-assisted takeoff. 

C. A VTOIIL 2 stage vehicle. 

U. A IITOHI. slageil system using tudioiel power boosters. 

COMPARATIVE CONCEPT 

The Lliar>w.iai islics of conctpls A end B are well defined at this time. The absoiu'e and comparative features of concepts C and D are not well 
defined. Cuiiccpi C would be expected to have most technology requirements in common with concept A. Concept D (turlsoiet booster) is 
ill an early cnni;e|iiual stage needing mutb more study. The turboiot technology lias SST commonality; however, many other tectinology im- 
plications are expected to be unif|uo for this concept. 



INF ORM ATION S OURCES 

•i«fe!«!'5Ss; Contacts 

1. NASA CR 2000. 2867, and 2000 1, B. Z. Henry/LaRC 

2. NASA CR 28/0, 28/0 
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Far-Term Technology Model System No. 19 (Cont.) 


PIIIMAriY 

TECIINOI.OGY NEEDS 

CAPABILITY MEASURE/ 
DESIRED VALUE 

CONCEPT 

COMMONALITY 

SYSTEM TECHNOLOGY 
COMMONALITY 

ADVANCED STRUCTURES 

WEIGHT REDUCTIONS/20 40% 

ALL 

20 

COMPOSITE MATERIALS 
AND ADVANCED DESIGN 
FOR: 




WING/TAIL 
PROPELLANT TANKS 
THRUST STRUCTURE 
SECONDARY (e.g.. 
DOORS. ADAPTERS) 

MASS FRACTION/3 6% 



METALLIC HONEYCOMB 
FOR HOT STRUCTURES 

NO. OF FLIGHTS REUSABLE/ 
1000^2000 



PROPULSION 




DUAL MODE ROCKETS, 

HIGH P^ HYDROCAROONS 
c 

PROPELLANT VOLUME 
REDUCTION/ 

A.C 

20 


THRUST/10®— IO^'n 




ENGINE WEIGHT REDUCTION/ 



DUAL MODE ROCKETS, 
SERIES, DUAL EXP. 


A 


DUAL POSITION NOZZLES 

, lj|, INCREASE/ 


20 


EXPANSION RATIO/200: 1-40:1 

A.B 

20 

fPi 





Far-Term Technology Model System No. 19 (Cont.) 


SECONDARY 
TECHNOLOGY NEEDS 

CAPABILITY MEASURE/ . 
DESIRED VALUE 

CONCEPT 

COMMONALITY 

SYSTEM TECHNOLOGY 
COMMONALITY 

ADVANCED STRUCTURES 




SUHSYSrEMS 

WEIGHT REDUCTIONS/15 20% 

ALL 

20 

ADVANCED DESIGN AND 
MATERIALS 




THERMAL PROTECTION 
SYSTEM 

WEIGHT REDUCTION/S 10% 

ALL 

20 

REUSABLE SURFACE 
INSULATION 

NO. OF FLIGHTS REUSABLE/ 
100 200 



METALLIC STANDOFF 

TEMPERATURE CAPABILITY/ 



AUTOMATED DESIGN 
INTEGRATION 

ROT&E MANPOWER 
REDUCTIONS/70 80% 

ALL 

20 

AUTOMATED CONTROL 
LANDING GEAR 

WING FORCE REDUCTION/ 
25% 

ALL 


PROPULSION 




PROPELLANTS 




SUB COOLED CRYOGENS 

VOLUME REDUCTIONS/ 


20 

LOW COST HYDROCARBONS 





CO 
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OAST Technology Forecast Handbook 


• PART OF THE OAST TECHNOLOGY PROGRAM PLANNING PROCESS 


• DISPLAYS TECHNOLOGY READINESS OF VARIOUS CAPABILITY 
MEASURES/DESIRED VALUES FOUND IN OAST SPACE SYSTEMS 
TECHNOLOGY MODEL 

-STATE-OF-THE-ART 

-FUTURE TREND OF CAPABILITY MEASURE 



OAST Technology Forecast Handbook 


KEY DATA SOURCES 

- A forecast of space technology. 1980 - 2000 

- OUTLOOK FOR SPACE 

- NASA CONTRACTOR REPORTS 

- TECHNICAL JOURNALS 

- POPULAR MAGAZINES 

- "FUTURES” STUDIES 

- TECHNOLOGY FORECASTS BY GOVERNMENT & INDUSTRY 




OAST Technology Forecast Handbook 


• STATUS OF HANDBOOK 


~ FORECASTS FOR VARIOUS INFORMATION SYSTEMS AND 
TRANSPORTATION SYSTEMS "CAPABIUTY MEASURES" HAVE 
BEEN ASSEMBLED 


~ FOR AVAILABLE FORECASTS, "DESIRED VALUES" ARE BEING 
COMPARED WITH PROJECTED VALUES 
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Far-Term Technology Model System No. 19 (Cont.) 



THRUST/10®— Io'n 
ENGINE WEIGHT REDUCTION/ 

DUAL MODE ROCKETS. 

SERIES, DUAL EXP. 

DUAL POSITION NOZZLES l^p INCREASE/ 

EXPANSION RATI 0/200; 1-40:1 
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SinUCTUnAL weight deduction Fon space systems 


O.B - 


Soufce: A Forecast of Space TecbnoloQf, 1980-2000 


1960 


1970 


1900 


YEAH 




OAST Technology Forecast Handbook 


• PLANS FOR HANDBOOK 

“ SEl£CT THOSE “TECHNOLOGY NEEDS'* AND CAPABILITY MEASURES" 
FROM THE OAST SPACE SYSTEMS TECHNOLOGY MODEL FOR WHICH 
FORECASTS ARE NEEDED 


- PERFORM A LITERATURE SEARCH FOR HISTORIC DATA POINTS FOR 
EACH SELECTED 'CAPABILITY MEASURE" TO DETERMINE THE PAST 
TREND 


- PROJECT THESE HISTORIC TRENDS INTO THE FUTURE (TO 2000) BY 
TREND EXTRAPOLATION AND CHECK THE TREND EXTRAPOLATIONS TO 
ENSURE NO FUNDAMENTAL LIMITS ARE VIOLATED 


~ DISTRIBUTE THE RESULTING FORECASTS TO EXPERTS IN RELEVANT 
TECHNOLOGY AREAS FOR COMMENTS /ALTERATIONS 




-GENERATE TECHNOLOGY FORECASTS WHICH INCORPORATE THE COMMENTS 




OAST Technology Forecast Handbook 


• FORMAT FOR OBTAINING EXPERT OPINION ON TREND PROJECTIONS 

- PRESENT EXPERT WITH HISTORIC TREND AND PROJECTION 

- ASK FOR REFERENCES TO SIGNIFICANT RECENT WORK 

- ASK THE EXPERT TO RATE FACTORS WHICH MAY INFLUENCE 
THE TREND 

- ASK FOR THE EXPERT'S PROJECTION FOR THE YEARS 1990 and 2000 

- INQUIRE ABOUT THE MEANS BY WHICH THE EXPERT'S PROJECTION 
MAY BE FULFILIEO 


CO 

C/1 

H- 





Sample Trend Projection Format 


MfiUME 1 snows THE TREND OF THE AVERAGE POWER OF HIGH ENERGY LASERS AND AN ENVELOPE OF 
PROJECTED FUTURE RANGE. 


AVERAGE 

POWER 



c: 

O't 


la HAVE YOU ENCOUNTERED SIGNIFICANT WORK WITHIN THE PAST YEAR WHICH MAY AFFECT THE 
rurURE TRENDr IF SO, Pt EASE PROVIDE A REFERENCE; 
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Sample Trend Projeciion Format (cont.) 



111. MANY FACTORS MAY INFLUFNCE THE PROJECTION. SOME OF WHICH WILL ENHANCE THE QROWTH OF LASER 
AVERAOE POWER, SOME OF WHICH WILL iUNOER ITS QROWTH. CONSIDER THE INFLUENCING FACTORS LISTED IN 
TARLE 1. THE LEFT COLUMN CONTAINS ENHANCINQ FACTORS. THE RIGHT COLUMN CONTAINS IIINOERINQ FACTORS. 
PLEASE AIIU ANY ADDITIONAL INFLUENCING FACTORS WHICH YOU FEEL ARE IMPORTANT. IN THE BLANK SPACES 
PMOVIHED. ASSIGN WEIGHTS TO ALL Oi THE INFLUENCING FACTORS ON A SCALE OF 0 to 4 (0- NOT IMPORT AN I. 

4 = VERY IMPORTANT) 


ENHANCING 

Welulil 

(04) 

HINDERING 

Wttiylil 
(0 4) 

ANTAGONISMS AMONG VARIOUS NATIONS LEAD 
TO INTENSIFIED U S. DEPARTMENT OF DEFENSE 
HIGH POWER LASER WORK. 


FUTURE STRATEGIC ARMS LIMITATION TALKS 
RESTRICT HIGH ENERGY LASER MILITARY 
APPLICATIONS 


SEVERE ENERGY J'lORTAGES LEAD TO GREAT 
EMPHASIS ON COLi ECTINQ AND/OR GENERATING 
ENERGY IN SPACE AND TRANSFERRING IT TO 
EAR III liY LASER. 


ALTERNATIVE FORMS OF ENERGY. e.Q.. COAL AND/ 
OR SOLAR. PROVE MORE ECONOMICALLY AND/OR 
TECHNOLOGICALLY VIABLE THAN LASER FUSION. 


MUCH HIGHER POWER VERSIONS OF CURRENT 
STAIE OF THE ART LASERS PROVE ECONOMICALLY 
AND TECHNICALLY FEASIBLE. 


HIGH ENERGY LASER DEVELOPMENT COST STROVE 
TO BE TOO GREAT TO MERIT CONTINUATION OF 
SUCH WORK. 


SEVERE ENERGY SHORTAGES LEAD TO INCREASED 
FUNDING OF U S. DEPARTMENT OF ENERGY LASER 
FUSION WORK. 


MUCH HIGHER POWER VERSIONS OF CURRENT 
STATE OF THE LASERS PROVE ECONOMICALLY AND/ 
OR TECHNICALLY IMPRACTICAL. 


A TECHNO! OGICAL OREAKTHROUGri. ANALOGOUS 
TO THE ADVENT OF THE GAS DYNAMIC LASER 
SEVERAI YEARS AGO. LEADS TO A NEW TYPE OF 
LASER. 


PUBLIC DISTRUST OF THE U S. FEDERAL GOVERNMENT 
PRECLUDES A HIGH LEVEL OF U.S. EMPHASIS ON HIGH 
ENERGY LASER WORK. 
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Sample Trend Projection Format (Cont.) 


/ 


1c. Wltat will l>e tlie maxinumi avoraga power a laser achieves by the given year? 


YEAR AVERAGE POWER 

1090 

2000 

Id. In itie following table, please check one entry in eadi of the liirea columns to indicate the combinalion(s) of puni|Nng rnetfiod. 
iasiny medium, and radiative phenomena widch you lielieve will be exploited to acliieve the average power predicted for ifie year 2000 
ill <|iiestiun 1c. If you choose "other", please specify. To indicate serveral combinations, use "v/", "X", etc. 


PUMPING 


MEDIUM 


RADIATIVE 

PHENOMENA 


NUCLEAR 


GAS 

CO2 


ATOMIC 

ELECTRON TRANSITION 


SOLAR 


CO 


FLASIR.AMP 


HF 


OTHER: 


ACOUSIIC 


OF 


OTHER: 


El ECTRON REAM 


OTHER: 


MOLECULAR 

OISASSOCIATION 


El ECrmC UISCIIARGE 


OTHER: 


VIBRATIONAL 


ELECTRON INJECTION 


a nos 

Nd: GLASS 


ELECTRONIC 


SHOCK HEATING 


Nd: YAG 


ROTATIONAL 


GASOYNAMIC 


OTHER; 


OTHER: 


TEA 


OTHER: 


OTHER: 


LIQUID 

DYES . 



OTHER: 


OTHER: 




OAST Technology Forecast Handbook 


• PUBLICATION OF RESULTANT FORECASTS 


- REFERENCE DOCUMENT CONTAINING THE FORECASTS AND 
COMMENTS RECEIVED FROM THE EXPERTS AND A PROJECTION 
OF EACH "CAPABILITY MEASURE" BASED UPON AN ANALYSIS 
OF ALL AVAILABU INFORMATION 


5 1 - SUMMARY DOCUMENT WHICH RELATES THE "CAPABILITY 

MEASURE" TREND PROJECTIONS TO THE "DESIRED VALUES" 

FOR THE SYSTEMS IN THE OAST SPACE SYSTEMS TECHNOLOGY 
2^ MODEL 


Cl 

Cl 





Sample Summary Format 


• LIGinWEIGIIT ADVANCED STRUCTURES 



STRUCTURAL WEIGHT/ 
STRUCTURAL 
WEIGHT IN 1975 



SYSTEM pj. 

IMAI 

y 

DESIRED 
IV VALUE 

DESIRED TECHNOLOGY 
READINESS DATE 

PROJECTED TECHNOLOGY 
READINESS DATE 

1‘RIORITY LAUNCH VEHICLE 

20 40% REDUCTION 

1005 

1005 1005 (20%| 
1005 2000«^ (40%) 

SPACE BASE r> RAOIO TELESCOPE ^ 


40 50% REDUCTION 

2000 

1095 20001 (4(1%) 
2000 r (50%) 

TELEOPERATOR VEHICLE SYSTEM^^ 


25 30% REDUCTION 

1005 

1000 2000 (25%) 
1002 200Ui (30%) 

HEAVY LIFT LAUNCH VEHICLE ^0 


30 40% REDUCTION 


1092 2000» (30'%) 
1005 20001 (40'%) 

Oitltl TAI ESCAPE VEHICLE 


30 50% REDUCTION 


1002 2000 r (30%) 
2000 f (50%) 



SESSION ANALYSIS 

OAST Space Systems Technology Model and OAST Technology Forecast 
Han<fobok (T. Zakrzewsfc'i, GRC) 

DISCUSSION; The question was raised whether the critical 
technology needs identified in the model are really needs 
or ways of achieving the needs. .Also, there was a request 
for a type of correlation matrix between the identified needs. 

It was suggested that the forecasts contain both the perturbed 
and unperturbed growth trend curves . 


ORIGINAL PAGE & 
OP POOR QUALITY 
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APPENDIX A 

STUDY DESCRIPTION PACKAGE 


EXTRACTED FROM REVIEW MEETING ANNOUNCEMENT 



7 


TABLE 1 

SPACE SYSTEMS STUDIES REVIEW MEETING 
11 and 12 January 1978 
NASA Headquarters (FOB lOB) , Room 62S 


FIRST DAY 

8:15 Overview of OAST Space Studies Program 

8:30 Session 'U' ~ Space Utilization 

10:30 Session 'T* - Space Transportation 

12 : 30 Lunch 

1:30 Session 'M' - Multiprogram Technology 


SECOND DAY 


3:15 

Session 

'A* - Applications 

12:10 

Lunch 


1:10 

Session 

*X’ - Analysis 

2:10 

Session 

‘S’ - Science and Exploration 
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0 

TABLE 2 i-j 

SPACE SYSTEMS STUDIES REVIEW MEETING ^ 

II and 12 January 1978 y 

NASA Htit^dquarters (FOB lOB) , Room 625 

D 


Session ’D' - Space Utilization 

2 hr 

n 

Space Utilization Studies 

Gilbreath (ARC) 

30 mi4i 

Large Space Systems Using 

Crum (JSC) 

30 mirf"j 

Nonterrestrial Materials 


u 

and Non terrestrial Materials 



Processing 


n 

Nonterres trial Materials 

von Tiesenhausen 

30 miijJ 

Fabrication Technology 

(MSFC) 

n 

FY 79 Programs 

All 

30 miqj 

Session 'T* - Space' Transportation 

2 hr 

D 

Advanced Transportation Systems 

Henry (LaRC) 

50 min 

in 

Advanced Transportation - 

Pelouch (LeRC) 

40 miry 

Propulsion Systems 



FY 79 Programs 

All 

30 ndr.y 

Session 'M' - Multiprogram Technology 

3 hr 

D 

Advanced Automation Technology 

Heer (JPL/ 

30 min 

Pointing and Control Systems 

echman (JFL) 

15 mir^ 

Software Technology Enablement 

Capps (MSFC) 

30 min 

IR 

Mew Data System Technology 

Krchnak (JSC) 

30 miijll 

Requirements 



Cryogenics Technology 

Manning (ARC) 

15 min[j 

Space Power 

Stearns (JPL) 

30 nin 

f| 

FY 79 Programs 

All 

30 minU 


C 

D 
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TABLE 2 (Cont.) 


Session 'A* - Applications 

3 hr, 55 min 


SEASAT B Readiness 

West (JPL) 

20 min 

Pollution Monitoring Mission 

Hook (LaRC) 

15 min 

Public Services Platform 

Durham (GSFC) 

15 min 

Advanced Penetration Concepts 

Manning (ARC) 

30 min 

Post'-LANDSAT Concept Evaluation 

Flatow (GSFC) 

30 min 

Advanced Global Services Concepts 

Hook (LaRC) 

30 min 


Nagler (JPL) 

25 min 


Durham (GSFC) 

15 min 


Aviv (Aerospace) 

15 min 

Geostationa^ Platform 

Hamilton (MSFC) 

10 min 

FY 79 Programs 

All 

30 min 

Session 'X' - Analysis 

1 hr 


Technology Model, Technology 

Zakrzewski (GRC) 

30 min 

Forecasting Handbook 



FY 79 Programs 

All 

30 min 

Session 'S' - Science and Exploration 

2 nr, 50 min 


Space-Based Radio Telescope 

Edelson (JPL) 

30 min 

Space-Based Planetary Detection 

Black (ARC) 

30 min 

Mars Sample Return Readiness . 

West (JPL) 

15 min 

VOIR Readiness 

West (JPL) 

20 min 

Prospecting Instrumentation 

Brereton (JPL) 

30 min 

Advanced Sample Return Concepts 

West (JPL) 

15 min 

FY 79 Programs 

All 

30 min 
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/illMCttMbWT 1 


SPACE SYSTEM STUDIES 

► STUDY FUTURE PROGRAMS AND TECHNOLOGY, BOTH PLANNED AND FORECAST, 
TO GENERATE OAST TECHNOLOGY PLANNING ALTERNATIVES 


► EVALUATE ALTERNATIVES TO PROVIDE DEVELOPMENT COST, RISK, AND BENEFIT 
INSIGHTS OR MEASURES 

► STUDY m BASE ACTIVITIES TO IDENTIFY AUGfCNTAT IONS/ INITIATIVES IN 

• Major Technology "Drivers" 

• Systems Technology Projects 

• Spacelab Experiments 
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SCIENCE & SPACE APPLICATIONS SPACE MULTiPROGRAM 

EXPLORATION TRANSPORTATION UTILIZATION R&D 










FY78 OAST SPACE SYSTEM STUDIES 


AGENCY 

THEMES 

TECHNOLOGY 

READINESS 

ENABLING 

TECHNOLOGY 


SCIENCE & 
EXPLORATION 

Astrophysics 

• Space Radio-Telescope 

• Planetary Detection 

200K 

• Mars Sample Return 
Planetary 

e Sample Return 

APPLICATIONS 

VOIR/SEASAT B 

• Pollution Monitoring 

• Public Service Platform 

Penetrators 

• Post-LANDSAT 

• Global Services Mission 

610K 

SPACE 

UTILIZATION 


• Space industrioiizotion 

• Lunar Materials: 

280K 

f 

SPACE 

TRANSPORTATION 


e Earth-To-GEO 
• Low Thrust Propulsion 

225K 

MULTIPROGRAM 

R&D 


• Automation 

An 

• Pointing S Control pl^ 

• Software Forecasting 

alysis & 
inning e 

265K 


165K 1235K 

CO 

C5 
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TECHNOLOGY READINESS - PLANETARY 

IDENTIFY & EVALUATE TECHNOLOGY ALTERNATIVES FOR PUNNED AGENCY PUNETARY PROGRAMS. 


FY 


1975 


1976 


1977 


1978 


1979 


MJOP & MJS MISSIONS. JPL 


OSS 


VOIR/SEASAT B MISSIONS. JPL 
MARS SAMPLE RETURN MISSION. JPL 


-QSS. 


OSS 


■V 


Funding 

mi 


FY 7 8/Cuh!) 


20/95 

90/90 




ENABLING TECHNOLOGY - PUHETARY 


EORLCAST EUTUHE PLANETARY EXPLORATION SYSTEMS AND IDENTIFY TECHNOLOGY NEEDS. DEVELOPMENT 
OPIlONS. & RANK CANDIDATES. 


Funding 


EY 

1975 

1976 

1977 

1978 

1979 EY 78/Cum. 


TITAN EXPLORER. ARC 
AUFOMAIEI) JUPITER STATION. JPL 
SOLAR SAILING. JPL 


HALLEY 


SA 


il/sep! 


SAMPir RLIlIRN TECHNOLOGY. JPL 
("JIIR PIANLI DEEP PROBES. ARC 
I'ROSPICIING INSTRUMENrATION. J1 u 
RIMOIl lAStR SENSING. JPL 


A 




A 


A' 


A V 

V 


50/130 


A 


■V 


SIIRI AH PENEIRATORS. ARC 


^(applic) '^(science) ^ 


50/110 



ENABLING TECHNOLOGY - ASTROPHYSICS 


FORECAST SPACE ASTROPHYSICS SYSTEMS AND IDENTIFY TECHNOLOGY NEEDS, DEVELOPMENT OPTIONS, 
AND RANK CANDIDATES 


FY 


1975 


1976 


1977 


1978 


1979 


Funding 

($K) 

FY 78/Cum. 


SETI FEASIBILITY, ARC ^ 
SPACE-BASED PLANETARY DEFECTION, ARC 
SPACE RADIO TELESCOPE, JPL 


50/125 

50/125 


CO 

Vi 



TECHNOLOGY READINESS - APPLICATIONS 


IDEHTIEY & EVALUATE TECHNOLOGY ALTERNATIVES FOR PUNNED AGENCY APPLICATIONS PROGRAMS. 


Funding 

($K) 

1 fy 

• 1975 

1976 1977 

1978 1979 

FY 7S/Cum. 

SEASAT D/VOIR MISSIONS. JPL 


OA ^ 

V 

20/95 

POLUTION MONITORING. LaRC 


1 

1 

A V 

75/75 

!'.i!5LIC SERVICE PUTFOItfl. GSFC 


1 

{ 

1 

A ~V 

50/50 


CO 

Ci 

on 
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ENABLING TECHNOLOGY - APPLICATIONS 


FOBECAST FUTURE SPACE APPLICATIONS SYSTEMS & IDENTIFY TECHNOLOGY NEEDS. DEVELOPMENT 
OPTIONS, & RANK CANDIDATES. 


POSr-LANDSAT SYSTEMS 
(PLACE). 6SFC 

SURFACE PENETRATORS, ARC 

CilOUAL SF.RVICES'MISSION 

IaRC 

JPL 

(ISF'C 

AEROSPACE 


I X- 


Funding 

($K) 


FY 19i'5 1976 1977 

1978 1979 

|fY 78/Cum. 

ARC 



A T * i 

1 

1 

1 

^(APPLIcj 

i 

• 

7 

» science)^ 

50/110 

150/275 

• 

J 


100/135 


75/75 

100/300 



ADVANCED APPLICATION SYSTEMS CONCEPTS AND ENABLING TECHNOLOGY 


► ESIADI ISII MODEL OF I'JDOs GLOBAL SERVICES PLATFORMS WITH CENTRALIZED SERVICES 

. SENSING . INFORMATION PROCESSING 

. INFORMATION TRANSFER . POWER 

► GI NERAIi: ENABLING TECHNOLOGY FORECASTS FOR PROPULSION, POWER, MATERIALS, 
SIRIICIURLS, AND ELECTRONICS 


l‘AIUICIPANT 

ROLE 

FY 78 RESOURCES 

NET RtD 1 IMS CS MY 

LaIU: 

. LEAD CENTER RESPONSIBILITY 

, SYSTEM CONCEPT INTEGRATION 
AND MANAGEMENT 

150 73 0,0 

•in 

. lOP IJOWN LOGIC 
. (‘ARAMETRIC TRADES 
• OCEAN OBSERVATIONS 

TOO 0 N.A. . 


. COMMIINICATIONS/INEORMATION TRANSFER 
. LAND AND ATMOSPHERIC OBSERVATIONS 
. INTEGRAIE WI1II NEEDS 

75 3-H 

^ Aii{i)scAn; 

‘ - ? ■ 

. CHANGE FROM CATALOGUING 
• DOD INIEREACE 

TOO 0 N.A. 

PT3 r'rr: cm cm L-H cm 















tNABLINb IhtHNOLOGY » UTILIZATION 


rORECAST FUTURE SPACE UTILIZATION SYSTEMS & IDENTIFY TECUNOLOGY NEEDS. DEVELOPMENT 
OPlIOI'lS. & RANK CANDIDATES. 


Funding 

($K) 


(jlI 

1975 

1976 

1977 I 1978 

\ Vl\/ 

1979 |fY 78/Cuh.) 


SPACE SETTLEMENTS/ 
INDUSTRIALIZATION. ARC,? 

LUNAR MATERIALS UTILIZATION 

ASEE 

• 

1 

» 

50/150 

NASA ^ 

T ! A ■ 

1 

i 

1 

PROCESS INC. JSC 


^ _ LARC ! JSC 

A 1 

75/125 

FARR I CAT ION. MSFC 


i 

4 

80/80 

SPACECRAFT SYSTEMS. JSC 


i ^ 

75/75 




ENABLING TECHIIOLOGY - 


FOKECAST FUTURE SPACE TRANSPORTATION SYSTEMS & IDENTIFY 
OPTIONS, & RANK CANDIDATES. 


ADVANCED TRANSPORTATION, 
ETO (SSTO) VEHICLES 

AIR-BREATIIING LAUNCH 



LaRC 

VTOiiL 

^ UTOHL 


OTO VEHICLE 

i:artii-to-geo systems 


ADVANCED PROI‘ULSION, LeRC 
HIGH PRESSURE ENGINES 

LINEAR AEROSPIKE ENGINES 

DUAL FUEL OTO VEHICLE 



CO 

10 


LOW-THRUST IWULSION 


TECHNOLOGY NEEDS. DEVELOPMENT 


Funding 

($K) 

1077 1978 I 1979 I FY 78 /Cum. 




75/175 
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ENABLING TECHNOLOGY - 


FORECAST MULTIPROGRAM SYSTEMS. IDENTIFY TECHNOLOGY ? 
CANDIDATES. 


FY 1975 1976 


FUTURE SHUTTLE PAYLOADS. ARC 
SPACECRAFT SYSTEMS. JPi 
COMMUNICATIONS 
ENVIRONMENTAL CONTROL 
POWER 

POINTING R CONTROL 



END-TO-END DATA SYSTEMS. JSC 
PAYLOAD SOFTWARE TECHNOLOGY. MSFC 
CRYOGENICS TECHNOLOGY. ARC 


SENSORS TECHNOLOGY. JPL. AEROSPACE 
ADVANCED AUTOMATION. JPL' 



. DEVELOPMENT OPTIONS. R RANK 


Funding 



I 


30/105 




NEW INITIATIVES/AU6MENTATI0NS - PROGRAM DEVELOPMENT 


CONDUCT STUDIES TO DEVELOP TECHNICAL PLANS, SCHEDULES, & COSTS FOR TECHNOLOGY 
mm AT IVES & AUGMENTATIONS. 


Funding 

($K) 


NEEDS. GSFC 


Efy 

1975 

1976 

1977 

1978 

1979 

FY 78/Cuh. 



^ — 200/200 


LARGE SPACE STRUCTURES, HQ 
RENEF IT/COST 
PROGRAM DEFINITION 

ADVANCED SPACE POWER. MSFC 

SIIUTT1I7SPACELAD PAYLOAD DEFINITION 
SHUTTLE FLIGHT CONTROL, LaRC 
MICROWAVE RADIOMETER. LaRC 
NEEDS COMPONENT TEST, JPL 
HEAT TRANSFER. LeRC 


I 

I 




“V 


V 

A 

V 

A 

V 

A 

V 


300/360 


275/ 



=□ c^FYq 30 A§^TEC^ 0 r^NI^IVi£d^N[k^^ ■ 



CO 

-vl 

Cn 







Ari-ACimKNY i 


1. [‘KOGHAM CATEGORY: 

2 . STUDY Tint: 

1. STUDY 1‘UKI'OSE: 

IMMNCIRAL TASKS: 

S. RtSIIUS EXI'ECTEO: 

G. USE or RESULTS: 

/. I EflGTII or STUDY: 

H. .‘TANAGEHrMT: 

D. Rl SOURCES ($K): 
MAN-YEARS (CS/SC); 

0. UNIQUE RROJECT HO.: 


FY 1970 PLANNING STUDY 


OAST Space Systems, Enabling Technology 


Space Utilization Grants 


Concepts studies and workshops for technology identification for space settlements. 


Consider lunar materials constructed systems, mass drivers, asteroid retrieval, 
etc. 


Deve1opii\ent of novel concepts. 


Technology planning for 1990s. Pro*ide Insights for LSST, nonlinear large 
deflection, automated operations, nonterres trial resources, reusable propulsion, 
HOPP, and hlg'n-performance power activities. 

3 years 


OAST Study, Analysis, and Planning Office (RX)/ 


100; RX'- 50, OSF - 50 Cumulative: 200 

0/2 

790-^0-31(03) 



1 . I'KOGRAM CATCGORY : 

2. STUDY TITLE: 

3. SlUOY PURPOSE: 

4. PRINCIPAL TASKS: 

b. RESULTS EXPECTED: 

6. USE OF RESULTS; 

1. I ENG I II OF STUDY; 

0. MAIIAGEMIHT; 

y. RESOORCIS ($K): 
MAH- YEARS (CS/SC): 



1978 PUNNING STUDY 


I 


$ 

OAST Space System Studies » Enabling Technology 


Mining and Processing Honterrestrial Materials 


Provide guidelines for developing the technology necessary to utilize nonterrestrial 
materials as resources, particularly as metals, glasses, ceramics and composites, 
and useful gases. 

Tl) Catalogue lunar resources. 

(2) Uetemiine viable processes for converting nonterrestrial materials Into 
useful products. 


Design of bench scale processes that will yield metals, ceramics, glasses, 
compos 1 tes , or useful gases, and determine technology requirements. 


Help determine value and direction of nonterrestrial materials utilization 
program. Provide insights for Agency activities in ESS, automated operations, 
nonterrestrial resources, and MOPP. 

2 years 


OAST Materials and Structures Division (RH), OAST Study, Analysis, and 
Pldniilng Office (HX)/dSC, Lunar Science Institute 

R'i - 30, Cumulative: 90; RX - 60, RW - 30 

0. 3/0.1 


CD 10. uHi(|ui; pROJicr ho..- 



pr 1978 PLANNING STUDY 


1. Pitt (lUAN CATEGORY: OAST Space System Systems^ Enhancing Technology 

2. STUDY TITLE: Nonterrestrial Materials Fabrication Technology 

3. STUDY PURIKISC: Examine secondary refining and inapufacturing processes using nonterrestrial 

materials. j 

4. PRINCIPAL TASKS: Assess economic, resources, environmental, and other consequences of utilizing 

nonterrestrial materials. 

5. RESULTS EXPLCTEO: Comparative assessment of space construction from terrestrial and nonterrestrial 

materials. 

6. USE OF RESULTS: OAST technology planning. Provide insights for automated operations. 

nonterresti’lal resources, and HUPP activities. 

7. LlHaill OF STUDY; 1 year 




O O 

0. MANAOtMlMT; 

OAST Study, Analysis, and Planning Office (RX)/MSFC 

•V o 




9. RISOORaS ($K): 

80 

£3 ^ 

MAH- YEARS (CS/SC): 

1.6/ 

p Q 

CO 




QO M). UNIQUE PROJECT NO.: 


790-40-39 
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^r lU/U PLANNING STUDY 


I. PKOGKAM category: OAST Space Studies 


?. sri.'OY TITLE; Monterrestrial Materials for Future Large Spacecraft Systems 


3. STUDY PURPOSE: Estimate technical and economic factors for operating a lunar materials program 

consisting of mining, transport, processing, and fabrication. 


4 PRINLtPAI TASKS: Determine technical and economic feasibility of using lunar resources 

including processing and transportation techniques. 


5. RESUi TS EXPECTED: fienerate approach and initial evaluation of alternatives for using nonterrestrial 

materials in large spacecraft systaiis. Derive initial estimates of the threshold 
at which investment in a space based lunar material utilization program is 
economically feasible. 

6. USE 01 RISUI.rS: Help dcteniiine value and direction of a nonterrestrial materials utilization 

program. Provide insights for agency activities in LSST, automated operations, 
nonterres trial resources, and MOPP. 

/. I EflGIII or SfUDY: years 


0. MAHAGiHlMT: OAST Study, Analysis, and Planning Office (RX)/JSC 


•J. lUSOURCIS ($K): ISO 

MAM- YEARS (CV'iC): 


10. IIMIOUi; PR0.IICT MO.: 790-40-17(01) 




3S0 


FY 1978 PLANNING STUDY 


1. PIMIGKAM CATEGORY: OAST Space System Studies, Enabling Technology 

2 . SfOOY TI1IE: Advance*! Transportation Technology 


3. STUDY PURPOSE: Identify and evaluate technology required for the design and operation of 

economical transportation in the post-shuttle time frame; Initiate Earth- 
to- geosynchronous technology study program similar to previous 010 and SSTO 
programs . 

4. PRlHCiPAl. TASKS: Perform inlecjrated study of all space transportation requiranents, including SSTO, 

car*jo, priority, orbital transfer, etc. 

Identify system requirements, vehicle options, and advanced concepts for 
Earth- to-GEO vehicles 


?). RESUllS EXPECTED: Identify crucial and cost-effective technologies and technology devices for 

integrated transportation system. 


b. USE OF RESUITS: Technology identification and evaluation to support advanced transportation 

systems. Provide insights for agency activities in reusable propulsion and 
CASTS. 

/. I rilGIIl OF SlUDY: > 


U. MANAGiMlfir: UASl Study, Analysis, and Planning Office (RX)/LaRC 


g. lusoum.is ($k); iso, og'iHS 

MAfi-YlARS (CS/SC): 3. 6/1.1 


10. UNKfUl I'RO.IECT HO.: 


790-40- JJ 





fr*r^ gsBq E88 

tsss CS3 cea eaa c=a css m e 
FY 1978 PLANNING STUDY 


IM10GRAM CATEGORY 

OAST Space System Studies, Enabling Tecimology 


2. 

STUDY TITLE; 

Low- Thrust Propulsion* Systems 


3. 

STUDY PURPOSE: 

Evaluate low-impulse thrusters and determine comparative value and preferred 
system applications. Tills Study has two parts: (1) electric propulsion— a 

contract effort, (2) low-thrust propulsion— an In-house effort. 


4. 

PRINCIPAL TASKS: 

(1) Parametric analysis of candidate systems: weight, size, performance, 
and operational characteristics. 

(2) Identify key technology experiments to verify feasibility and performance 
characteristics. 


5. 

RESULTS EXPECTED; 

Conceptual designs and Identification of key technology development needs and 
experiments. 


6. 

USE OF RESULTS; 

Support new OAST teclinology Initiative/augmentation In low- thrust propulsion. 


7. 

LENGTH OF STUDY: 

1 year 


H. 

MANAGEMENT: 

OAST Study, Analysis, and Planning Office (RX), OAST Space Propulsion and 
Power Division (RP)/LeRC 


9. 

RESOURCES ($K): 

175j RX.- 75, RP - 100 (FY 77) 

381 


MAN-YEARS (CS/SC): 


10. 

UNIQUE PROJECT NO.: 

790-40-12 


FY 1978 PLANNING STUDY 


]. PROGRAM CATEGORY: OAST Space System Studies, Enhancing Technology 

2 . STUDY TITLE: Advanced Automation Technology 

3, STUDY PURPOSE: Assist NASA In enhancement of planned missions and enablement of future missions 

through projected advances In automation, machine Intelligence, robotics, etc. 

A. PRINCIPAL TASKS: (1) Conduct workshop series Involving artificial Intelligence spaclallsts and 

NASA personnel. 

12) Explore for enhancing planned missions. 

(3) Explore for enabling novel missions. 

S. RESULTS EXPECTED: Recommend programs of research, advanced development, and Implementation of 

machine Intelligence technology. 

A. USE ur RESULTS: Provide Insights for NEEDS and automated operations activities. 

7 . LENGTH OF STUDY: 2 years 

0. MANAGEMENT; Study, Analysis, and Planning Office (RX)/JPl 

9. RESOURCES ($K); 30 ' Cumulative: 105 

MAN-YEARS (CS/SC); 0/0.3 

10. UHIOUE PROJECT NO.: 790-40-15(01) 



FY 197B PLANNING STUDY 


1. PftOGiiAN CATLGORY : OAST Space System Studies. Enabling Technology 

2 . STUDY TITLE: Multiple Requirements for Pointing and Control Systems 

1. STUDY PUiO*OSE: Identify and assess the enabling pointing and control system technologies 

required by NASA missions in the 198S-2000 time period. 


4. PRINCIPAL TASKS: Identify requirements of proposed NASA missions and advances in technology 

that could be effectively employed by these missions. 


it. RESULTS EXPECTED: Ranking of technology planning options. 


6. USE OF RESULTS: Pointing and control systems technology planning. Provide insights for NEEDS, LSST, 

nonlinear large deflection, automated operations, reusable propulsion, and 1ow> 
thrust propulsion activities. 

/. LtlIGTII OF STUDY; 1 year 


JJ. MAMAGLMLNT: 


OAST Study, Analysis, and Planning Office (RX)/JPL 


g. HI SOURCES ($K): 
MAH-riARS (CS/SC); 

JO. UNIOUE IMiOJECT NO.: 


50; RX - 25, RE - 25 
0 / 0.8 

790-40-15(03) 



FY 1978 PLANNING STUDY 


I. PkOGKAH CATEGOHY: OAST Space System Studies, Enabling Technology 


2. STUUY NILE: Software Technology Enablinent 


j. SIIJUY PiiKPUSE: Forecast software technology needs and capabilities that have the potential 

to reduce software costs and improve payload performance. 


A. f'PINCII'AI TASKS: (1) Generate future software forecast model and propose software for Hodel. 

(2) Estimate future software magnitudes, complexly, and limitations. 

(3) Identify opportunities for advancement of software technology that 
offer substantial payload benefits. 


S. I<[ SUI TS EXPECIEO: Program plan for advancement of software technology. 


6. USE Of PESUI TS: Technology planning; reduce costs and improve performance for payloads 

beyond 1980. Provide Insights for HEEDS actitity. 


7. I ENGTII or SIUUY: 3 years 


M. flAHAGIW N T : OAST Study, Analysis, and Planning Office (RX)/MSFC 


‘J. KlSOUId.lS (\Y): SO - Curiiulative: 225 

UAH-YfAHS (CS/SC): 


'/I 10. UNIOUl l’H0.Jitr HO.: 

jtj 


790-40-19 
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py 1978 PLANNING STUDY 


1. PROGRAM CATEGORY: 

2. STUDY TITLE: 

3. STUDY PURPOSE: 

/I. PRINCIPAL TASKS: 

b. RESULTS EXPECTED: 

6. USE OF RESULTS: 

/. LEMGm OF STUDY: 

U. MANAGEMENT: 

9. RESOURCES ($K): 

HAN YEARS (CS/SC): 

U). UNIOUE PROJECT NO.: 


OAST Space Svsteni Studies, Technology Readiness 


Venus Orbiting Imaging Radar and SEASAT & Technology Options 


Develop technology options by studying excursion from base-line configurations 
provided by OSS and OA. 


(1) Identify candidate options. 

(2) Determine performance gains, cost, and risk to accomplish. 

(3) Evaluate against base-line and recommended program changes. 


Provide a ranking of the technologies by relative merit and establish the readiness 
of each technology for mission support. 

Evaluation and potential enhancement of VOIR and SEASAT 0. Provide insights 
for NEEDS, ESS, and high-performance power activities. 

1.5 years 


OAST Study, Analysis, and Planning Office (NX)/JPL 


20 Cumulative: 95 

0/0.4 

790-40-25(01) 



FY 1978 PLANNING STUDY 


1. PKUGKAH CATEGORY: OAST Space I>ystaii Studies, Techf<ology Readiness 

2 . STUDY TITLE: Technology Readiness for a Pollution Monitoring Mission 

3 STUDY PURPOSE: Develop technology options by studying excursions from base-line configurations 

provided by OA. 


PRIfICIPAL TASKS: (1) Identify candidate options. 

(2) Detennine performance gains, cost, and risk to accomplish. 

(3) Evaluate against base-line and recommended program changes. 


G. RESULTS EXPECTED: 
6. USr OE RCSUl.TS: 


/. irNGIII or STUDY: 

0. MAHAGIHINT: 

9. RISOURCLS ($K): 
MAN-YEARS (CS/SC): 

:o 

'3D 

OD ID. UNKIUL imiLCT MO.: 


Provide a ranking of the technologies by relative merit and establish the 
readiness of each technology for mission support. 


Evaluation and potential enhancement of pollution monitoring missions. Provide 
Insights for agency activity In ESS and MOPP. 


1 year 


OAST Study, Analysis, and Planning Office (RX)/LaRC 


75, 24 IMS 
3/1 

790-40-23 



^ iqIWlanJinJ stHdT 


1 . PKOGKAH CATEGORY : 

2. STUDY TITLE: 

3. STUDY PURPOSE: 

4. PRINCIPAL TASKS: 

5. RESULTS EXPECTED: Provide a ranking of the technologies by relative merit and establish the 

readiness of each technology for mission support. 

6. USE OF RESULTS: Evaluation and potential enhancement of public service platforms. Provide 

Insights for agency activity In NEEDS, ESS. automated operations, and MOPP. 

7. LENGTH OF STUDY; 1 year 

B. MANAGEMENT: OAST Study, Analysis, and' Planning Office (RX)/GSFC 

9. RESOURCES ($K): 50 

MAN-YEARS (CS/SC): 


OAST Space System Studies. Technology Readiness 


Public Service Platform Technology Readiness 


Develop technology options by studying excursions from base-line configurations 
provided by OA. 


11 Identify candidate options. 

2 Determine performance gains, cost, and risk to accomplish. 
3} Evaluate against base-line and recommended program changes. 


CO 

^ 10. UNIQUE PROJECT NO.: 


790-40-26 



388 


FY 1978 PLANNING STUDY 


1. PROGRAM CATEGORY; 

2. STUDY TITLE: 

3. STUDY PURPOSE: 

4. PRINCIPAL TASKS: 

5. RESULTS EXPECTED: 

6. USE OF RESULTS; 

7. LENGTH OF STUDY: 

8. MANAGEMENT: 

9. RESOURCES ($K): 
M-^N-YEARb (CS/SC): 

10. UNIQUE PROJECT NO.: 


OAST Space System Studies, Enabling Technology 


Advanced Penetrator Missions 


Study the use of penetrators for mining assay missions In remote areas of the 
Earth and on the Moon and planets. 


(I) Conceptual configurations. 

Type of sensors required. 

(31 Method of delivery. 

(4) Data retrieval techniques. 

(5) Cost comparison between penetrator and field exploration on Earth. 


Conceptualization of penetrators and sensors to: determine elemental composition 
of subsurface material; predict ore deposites based on composition. 


OAST planning In sensors, Earth applications, lunar resources, and planetary 
exploration. Provide Insights for ESS activity. 


2 years 


OAST Study, Analysis, and Planning Office (RX)/ARC 


50 

1/1 (estimate) 


790-40-31(02) 



I 


FY 1978 PLANNING STUDY 


1. PROGRAM CATE(k)RY * OAST Space System Studies, Enablinq Technology 


2. STUDY TITLE: Study of Advanced Global Services Concepts 


3. STUDY PURPOSE: 


4. PRINCIPAL TASKS: 


Establish model of 1990s global services as a set of LEO and GEO platforms with 
centralized power, sensing, and Information processing/transfer services. 

Develop new concepts for global services to the public; make enabling technology 
forecasts for propulsion, power, materials, structures, and electronics; and 
Identify associated flight experiments. 

ni Function as lead center for global services activity. 

(2) Perform system concept Integration and management. 


5. RESULTS EXPECTED: Technology forecasts defining focused R&T paths which meet NASA Earth orbit 

mission needs of the 1990s. 


6. USE OF RESULTS: Enhance future NASA applications missions. Provide Insights for Agency activities 

In NEEDS, ESS, LSST, automated operations, and MOPP. 


7. LENGTH OF STUDY: 

n. MANAGEHLNT: 

9. RESOURCES ($K); 
MAN-YEARS (CS/SC): 

10. UNIQUE PROJECT NO.: 


Second year, continue Into 1979 

OAST Study, Analysis, and Planning Office (RX)/LaRC, Joint effort with 
GSFC, JPL, Aerospace 

150, 73' IMS Cumulative: 275 

9/1 

790-40-13 
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FY 1978 PLANNING STUDY 


1 . PROGRAM CAItGORY : 

2. STUDY TITLE: 

3. STUDY PURTOSE: 

4. PRINCIPAL TASKS: 

5. RESULTS EXPECTED: 

6. USE OF RESULTS: 

7. LENGIII OF STUDY: 

H. MANAGEMENT: 

9. RESOURCES ($K): 

MAH- YEARS (CS/SC): 

ID. UNIQUE PRDJECT HO.: 


OAST Spdce System Studies, Enabitnq Technology 


a 

Study of Advanced Global Services Concepts 


Establish model of 1990s global services as a set of LEO and GEO platforms with 
centralized power, sensing, and Information processing/ transfer services. 
Develop new concepts for global services to the public; make enabling tech- 
nology forecasts for propulsion, power, materials, structures, and electronics; 
and Identify associated flight experiments. 

(1) Generate top down systems requirements logic. 

(2) Structure parametric trade-off analysis. 


Technology forecasts defining focused R&T paths which meet NASA Earth 
orbit mission needs of the 1990$. 


Enhance future NASA applications missions. Provide Insights for Agency 
activities In NEEDS, ESS, LSST, automated operations, and MOPP. 


First Year, continue Into 1979 


OAST Study, Analysis, and Planning Office (RX)/JPL, Joint effort with LaRC 
(Lead). GSFC, and Aerospace 

100 


790-40-15(02) 



n 19/0 rLHiwiinu siuui 


1. PROGRAM CATEGORY : OAST Space System Studies. Enabling Technology 

2. STUDY TITLE: Study of Advanced Global Services Concepts 


3. STUDY PURPOSE: Establish model of 1990s global services as a set of LEO and GEO platforms with 

centralized power, sensing, and Information processing/ transfer services. Develop 
new concepts for global services to the public; make enabling technology forecasts 
for propulsion, power, materials, structures, and electronics; and Identify 
associated flight experiments. 

4. PRINCIPAL TASKS: (1) Emphasis on communications/ Information transfer platform. 

(2) Provide requirements for land and atmospheric observations. 


5. RESULTS EXPECTED: Technology forecasts defining focused R&T paths which meet NASA Earth orbit 

mission needs of the 1990s. 


6. USE OF RESULTS: Enhance future NASA applications missions. Provide Insights for Agency activities 

In NEEDS, ESS, LSST, automated operations, and MOPP. 


7. LENGTH OF STUDY: 


0. MANAGEMENT: 


9. RESOURCES ($K): 

CO MAN-YEARS (CS/SC); 
CO 

10. UNIQUE PROJECT NO.: 


First year, continue Into 1979 

OAST Study, Analysis, and Planning Office (RX)/GSFC, joint effort with LaRC 
(Lead), JPL, Aerospace 

75 

3/0 (estimated) 

790-40-36 



FY 1978 PLANNING STUDY 


I . PKOGKAM CATEGORY 


OAST Space System Studies, Enabling Technology 


2. STUDY TITLE: 

3. STUDY PURPOSE: 

4. PRINCIPAL TASKS: 


Study of Advanced Global Services Concepts 

Establish model of 1990s global services as a set of LEO and GEO platforms with 
centralized power, sensli.^. and Information processing/transfer services. i>evelop 
new concepts for global services to the public; make enabling technology forecasts 
for propulsion, power, materials, structures, and electronics; and identify 
associated flight experiments. 

(1) Provide 0c:‘ Interface to global services Integrated activity. 

(2) Work with tne advanced program personnel at NASA Headquarters and the various 
Centers to review planned missions and Identify technologies from DoD. 


S. RESULTS EXPECTED: 


Technology forecasts defining focused RAT paths which meet NASA Earth orbit 
mission needs of the 1990s. 


6. USE OF RESULTS: 


Enhance future NASA applications missions. Provide insights for Agency 
activities in NEEDS, ESS, LSST, automated operations, and MOPP. 


/. I ENGTH OF SlUOY: 


First year, continue into 1979 


CO 

CO 

TO 


H. HANAGLHiNr: 

9. RESOURCES ($K): 
MAN-YFARS (C5/SC): 


OAST Study, Analysis, and Planning Office (RX)/Aerospace, joint effort 
with LaRC {Lead), GSFC, JPL 

100 

0/1 


10. UrilOUF PROJECT NO.: 790-40-40(01) 



FY 1978 PLANNIMG STUDY 


I. 9WUMM CAfFGORY: UAST Snace System Studies, Systems Piannimj and Analysis 

?. STUDY flTIF: S(>ace Studies, Analysis, and PlanntnQ 

T. STUDY PURHJSC: Develop and maintain planninrj ooals and objectives. 

4. i'R]HT.I('Ai TASKS: (I) Generate technology advanced systems Wide I . 

(2) Analyze study programs to derive future needs and requires^ents for 
OAST technology planning. 

('j) Conduct technology assessments. 

5. hi SUITS rXPiCTtU: Cost, benefit, and risi rankings. Technology forecasts. Assessments of K4T prograsns, 

identifying teclinology voids and gaps in OAST discipline structure. 

(t. USI or Hi SUITS: OAST technology planning for lltTDS, FSS, ISST, automated operations, reusable 

impulsion, thrust propulsion, and iViHP activities. 

/. IIIKilllOI SMJDY: Second year, continue into l*J/‘J 

ii. HAIIAblMlHI; UAST Study, Analysis, and Planning Office (MX) 

IdSOUhUS (U): CmiKjIatl ve: S'iO 

iWi YIAKS (CS/SC): fj/y.fj 

IJIIIIfOl I'PO.IICI DO.: /go 40 40(0?) 


C3 



FY 1978 PLANNING STUDY 


t 


1. PNOGRAM CATE(^RY: OAST Space System Studies, Enabling Technology 


2. STUDY TITLE: Space-Based Radio Telescope 


3. S1UOY PURPOSE: Generate conceptual design of 100 to 300 m antenna to serve SETl signal search 

and astrophysics experiments. 


4. PRINCIPAL TASKS: (1) Identify technology drivers, e.g., cooling, data processing, figure control, 

etc. 

i 2 ) Generate conceptual designs. 

3) Estimate program schedules and costs for several deployment options. 


5. RESULTS EXPECTED: Identify critical technology needs and develop new concepts. 


6. USE OF RESULTS: Development of enabling technologies; future SETl and astrophysics plann^.ng. 

Provide Insights for ESS, LSST, automated operations, and long-life composites 
activities. 

7. LENGTH OF STUDY: 2 years 


U. MANAGEMENT: OAST Study, Analysis, and Planning Office (RX)/JPL 


9. RESOURCES ($K): 50 Cumulative: 125 

MAN-YEARS (CS/SC): 0/0.7 

f.3 10. UNIQUE PROJECT NO.: 790-40-35(01) 

cb 
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FY 1978 PLANNING STUDY 


1. PROGRAM CATEGORY: OAST Space System Studies, Enabling Technology 

2. STUDY TITLE: Space-Based Planetary Detection Systems 

3. STUDY PURPOSE: Evaluate known approaches and develop new concepts to search for extra-solar 

planetary systems. 

4. PRINCIPAL TASKS: (I) Evaluate planetary detection workshop ''ecommendatlons from SETl programs. 

i 2 Conceive and explore new concepts. 

3 Reconmend further study of programs and technology. 

S. RESULTS EXPECTED: Planetary detection concepts feasibility evaluations and recoamended 

actions. 

6. USE OF RESULTS: Planning by OAST and other offices. Provide insights for ESS activity. 

7. LENGTH OF STUDY: 2 years 

U. MANAGEMENT: OAST Study, Analysis, and Planning Office {RX)/ARC 

9. RESOURCES ($K): 50 Cumulative: 125 

MAN-YEARS (CS/SC): 1/1 (estimate) 

10. UNIQUE PROJECT NO.: 790-40-^1(01) 

CM 
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FY 1978 PLAMHIHG STUDY 


1. PWKikAH CATEWJkY: 

2. STUDY riTI L: 

J. STUDY HJkKjSE: 

4. hkINUf'Al TASKS: 

5. kESlitrS EXPECTED: 
fj. USE or KESUETS: 

/. n«Y,m OF STUDY: 

D. HAf«ACfHTMr: 

9. T'tSOUPf.ES (tK): 

MAH Y TADS (CS/SC): 

iJHID'.'i PT'OJfCT TKJ.: 




OAST Space System Studies, TecDnoloqy Readtness 


Mars Sa:!)p1e Return Teomology Readiness 


Identify a Qrou;'.' of spacecraft advanced techiMlogy alternatives for the Mars 
sample return eOssion. 


Evaluate the incremental benefits, risks, and costs of the utillyation of 
identified alternatives in a coa^ilete spacecraft system. 


Provide a ranking of the technologies by relative merit and establish the 
readiness of each technology for mission support. 


Recuimmnd advanced developirmnt program changes which will ensure that tne 
technologies selected for the mission are at an acceptable state of develop- 
•uent for project conmitment. Provide insights for E59, autotnated operat ons, 
and high-perfonf.ance power activities. 

first year, continue into 1979 


OAOf Cludy, Analysis, ard Planning Office (RX)/JPL 


40 

0/0.7 


10 . 


/90-40-P9f02j 



FY 1978 PLANNING STUDY 


1 . 

PROGRAM CATEGORY : 

OAST Space System Studies, Enablinq Technology 

4 

2. 

STUOV TITLE: 

Advanced Samfile Return Concepts 

i. 

STUDY PURI*OSE: 

Evaluate technology implications of Shift in emphasis to sample return from 
surface and/or atmosphere of planets, moons, asteroids, and comets instead 
of infoniiation return. 

4. 

PRINCIPAL TASKS: 

(1) Define science and technology for automatic sample collection, and/or 
packaging and return. 

(2) Identify technologies to support sample return missions. 


RESULTS EXPECTED: 

Assessment of necessary technologies and their state of development; identify 
voids and gaps in technology development; and analyze the sensitivity to 
technological development investment. 

6. 

liSL OL RESULTS: 

Planning technology development for roving vehcile and sample return missions. 
Provide insights for ESS, automated operations, and high-performance power 
activi ties. 

/. 

UNGIII or STUDY: 

First year of renewed effort; continue into 1979 

li. 

MAUAGLEUNT: 

OAST Study, Analysis, and Planning Office (RX)/JPL 

■J. 

R1 SOURCES (U): 

50 ' Cumulative: 130 


HAM -YEARS (CS/SC): 

0/1 

w 

l(J. 

IIMIlpJE PROJECT MO.: 

790-40-35(02) 



